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ABBREVIATIONS AND ACRONYMS

AQI Area of Interest

I/EW Intelligence and Electronic Warfare

-
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CDSF Combat Developers Support Facility

USAICS United States Army Intelligence Center and School

USAMS USAICS Software Analysis and Management Systems Task
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: SECTION 1
Z - INTRODUCT ION
o,

This report presents several independently developed and tested algo-

iy o

———
T
&

rithms implemented in Pascal and FORTRAN 77 for determining if a point

" !g falls within a specified quadrilateral Area of Interest (A0I). These algo-
§§:L rithms represent several ways of mathematically solving the AOI point
ﬁg Ea inclusion problem, and provide a set of unclassified benchmarks against
" .; which existing system algorithms can be evaluated. These algorithm analyses
ja:§3 and evaluations are being conducted for the Combat Developers Support
é5 g; Facility (CDSF) at the United States Army Intelligence Center and School
i. & (USAICS) by the Algorithm Analysis Subgroup of the USAICS Software Analysis
‘E;‘x and Management Systeﬁ;>(USAMS) Development Task. It is the ninth in a
;iz ; series of reports examining algorithms used in Intelligence and Electronic
7 ‘ . Warfare (I/EW) systems. Each of the other reports, listed in Appendix A,

;% gf analyzes algorithms from several existing‘Iﬁgﬁ $§§t2h5'2h2£ pé}ggi;ha
f% v single function and examine their underlying mathematics. The main func-
;‘ !‘ tional areas studied have beén correlation, geographic transformations, and
iﬁ _. direction finding and location (fix) estimation.

e

oy

i o] In this introductory section, the basic mathematical and geometric
Sy

o

considerations on which the AOI algorithms presented later are based will

]
L

be introduced, and the potential order dependence inherent in defining a

polygon by the location of its vertices discussed., The second section

i%'ﬁ- presents the algorithms, and the third section, an overview of testing
iy .
. results and algorithm evaluations.

L R

RGN At




N
AP D S

F I )

Y T L 2ia aaa ala a-a m e aa .8 e Sl A ek Bag e Snmodins B die- iar ateh et st ol A B RS B st cAnl el gak Sl

Detailed test procedures and results are given in Appendix C. The algo-~
rithms presented here were develcped by several different individuals. The
subsection describing each algorithm is authored oy the principal developer

of that algorithm, with acknowledgments to associates as appropriate.

1.1 UNDERLYING MATHEMATICAL CONCEPTS

There are two basic mathematical approaches to determining if a point
is included within the area bounded by a closed polygon. The topological
approach relies on some notions of connectedgess and the Wandering Cow
Theorem. The analytic approach uses the concept of winding number and is
baéed on Cauchy's Theorem. These approaches will be discussed in this

section, and algorithms presented in Section 2 based on both methods.

Consider the polygon P formed by "connecting the dots" in Figure
1-1(a) in the order specified, giving Figure 1—1(b$. P is a closed curve
(since the last and first points are the same) and the region R it encl. .:s
is convex, that is, any two points (e.g. points a and b) within it can be
Joined by a straight line which also lies within the curve. Also, the line
connecting any point inside the closed curve P with a point outside it
(e.g. points a and ¢) must cross P exactly once. This is the basic idea
behind the topological approach to determining if a point lies inside or
outside the closed polygon.

There are formally two ways of viewing this intuitive result., The

polygon P is the boundary of the region R, and the set P+R is closed ("+"

1-2
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being used to represent the union operator). Then any connected set (i.e.

any line segment is a connected set) that does not cross the boundary P of
R lies either in R or outside P+R (Moore, Theorem 33). Or, viewed another
way, given the point a in R and ¢ outside P+R, then P cuts between a and ¢
(Hocking and Young, Theorem 3-6). This means P intersects every path
(actually, every closed, connected subset) containing both a and ¢. Thus
the cow can not wander from the pasture onto the road without crossing the

fence.

Neither theorem cited above requires R to be convex. These theorems
do place restrictions on the topological space containing P and R, but in
this case P and R are so embedded in the Euclidean plane that the restric-
tions are easily satisfied. Thus, at first glance, these results would
seem to apply to any polygon. However, there is a vacuous case, the
straight line (Figure 1-1(c)) where they doc no{ help, because R is empty so
contains no point a and certainly can not contain a connected set. But in
all other cases the theorems apply, although for polygons such as that

iliustrated in Figure 1-1(d), implementing this approach becomes tedious

and tricky.

The analytic approach is based on Cauchy's Theorem which says that the
value of the integral of an analytic function f(z) (that is, a
differentiable complex function) around a regular closed curve is zero.
There are some restrictions on the polygon P hidden in the adjectives

"analytic" and "regular." Certainly it is closed by definition, since the

last point is connected back to the first point. The other conditions are




o :
s, .;
;' certainly satisfied by any convex polygon with three or more vertices, such )
i:, as that developed in Figure 1-1(a and b). They are also satisfied if the '
2 polygon is merely star-like (Figure 1-2). In fact, any finite number of -
i smooth curves joined at their endpoints and enclosing an open region will 4
" work (Figure 1-3). However, polygons such as those illustrated in Figure :3]
1-4 may cause trouble due to segments which enclose no area. Carefully N
.";, handled, (a) can be viewed as two disjoint closed curves, for which the ;.
}‘ theorem holds, but (b) can not.
i 4
-'.4 Now using Cauchy's Theorem it can be shown that, for a point a not on ‘3}
: the closed curve P, the value of the integral around P of dz/(z-a) is a "
~, N
: multiple of (3600)i. This can be seen (but not proved) by observing that

-
s

: dz/(z-a) = d log(z-a) 5
':.j = d logiz-a! + i[d arg(z-a)l; -
' .
te the integral around a closed curve of the first term is zero and arg(z-a) 3
; increases or decreases by a multiple of 3600,

3 o
3 3
1.

. Define the winding number n(a,P) as this integral divided by (3609)i. Then “a
, -

n is positive if P is traversed counterclockwise, and o
‘- n(a,-P) = -n(a,P). f{
vl
:’ Since R+P is a bounded, connected, closed set,
& "
i n(a,P) = 0 L
-;:: for all a not in R+P. Furthermore, .

4 n(a,P) = a(b,P) @
& “
- .
v

5 1-4 .
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for all aand binR. The only place the winding number is not defined is

on P itself, This once again excludes Figures 1-1(c) and 1-4(b) from

consideration. However, it also means an algorithm based on this principle

-

must check if the point lies on P for any polygon.

One final result is useful when designing AOI point inclusion algo-

rithms, It pertains to cases where n = 1.

oYY
LA

Let a and b be two points on the polygon, and let Pab be the arc from

~
;;} a to b, Ppy the arc from b to a (Figure 1-5). Suppose that a lies in
}
N Ei the lower half plane and b in the upper half plane. If Pab does not
& L
: meet the negative real axis, and Pp, does not meet the positive real
e axis, then n(0,P) =
il Since the winding number is translation and rotation invariant, the condi-

. - tions on a and b are satisfied without loss of generality. This gives a

: simple criteria which covers the n equals 0 and 1 cases,

1.2 ORDER DEPENDENCE IN SPECIFYING VERTICES

B J'_).

v -..)_

L

4
F’ Throughout the above, the vertices were assumed specified in the order
b*'.
) in which they were to be connected., Can this restriction be relaxed?
L Unfortunately not.
s
B

T Given four points in the plane, if one of them is in the interior of

e the convex hull of (that is, the smallest convex set containing the other

Ao

1-5
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three (Figure 1-6 (a)), the four points do not define a unique quadri-

lateral. In general, they will define three different ones (Figure 1-6(b), .3
(e), and (d)) having only the line segments AD, BD, and CD common to all o
three. Thus any point in the convex hull that does not fall on one of t'd
these three line segments (the shaded area in 1-6(e)) is or is not in "the" X
quadrilateral depending on which quadrilateral is chosen. o
&

Therefore, to be able to determine if a fifth point falls within a
quadrilateral defined by four given corner points, either the order (clock- ';
wise or counterclockwise) of the points must be specified, or the resulting 3
quadrilateral must be convex and the boundary of the convex hull taken to B
be the quadrilateral. Any polygon with four or more vertices can be made g
concave by reordering the defining points (see Figure 1-6(f)); remember .
Y

that these self-intersecting polygons are mathematically the hardest to ‘::
deal with. To avoid constraining the problem by considering only convex o
quadrilaterals, and it is not always obvious that a figure is not convex, 5
nor that easy to check for convexity, the order of the vertices must be ::
specified. ;
Ry

Y

-

3

=~
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(a) Star-Like with (b) Not Star-Like

Star Center C

Figure 1-2, Star-like Polygons

Figure 1-3. A General Non-degenerate Closed Curve

1-8

" (o PP PALRIAT » ‘“J" r*-‘,.- f‘(qu ;\,_-_
'o.f'u ‘.'o‘-’h'l -.35-.‘(' "* JJ ? ~'h\\ J‘a.

" h .I (r
7;:.?.;!’_1,“ \L' ’:"“i 5‘!(‘ “‘! () - h“ﬁ ?!.’.M!O. N "

3



Ty B S ei e f Bk o a B SN A £ Tk oEal R 48N AE gt Bl a2 Sk ace a2k nilh o d et ath s albath ale ath-ahd st ali-abi-add ohiabio skt addcal T TUN
it

T
.-'.1'.'" m

(a) (b)

o,
&

g~
s

Figure 1-4., Degenerate Quadrilaterals
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SECTION 2
ALGORITHMS

hd

Before presenting the algorithms themselves, a formal statement of the

problem is needed.

Statement of Problem:

Given an ordered set of n points Pi(xq,¥1), Po(x5,¥2) 9000y
pn(xn,yn) where n may be any finite positive integer, determine if a
specified point P(x,y) is enclosed by the polygon formed by connecting

the points in the given order by straight line segments.

This polygon may be concave or convex and may loop in any fashion.
The point P may be multiply enclosed by the polygon, in which case some of

the algorithms will determine the number of enclosures,
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2.1 A CONVEXITY ALGORITHM (QUADTEST)

s
’

fl
o Author: E. Drell

\J'“

N

*-':'. Acknowledgments: R. Henderson, CSUN

E. Schmidt, JPL

"' Principle of the Algorithm:

R4 .
| St _ickedual a-hn e

A\ :; This algorithm was designed specifically for quadrilaterals. It is !
2 based on three observations.

[ M)

i

.‘}ﬂ (1) Any path connecting a point inside and a point outside a closed

‘:’ curve intersects the curve (the Wandering Cow Theorem discussed

A above).

oy

'J.’-,?

}3' (2) Any quadrilateral has at most one point of concavity.

g
=

(3) Any quadrilateral (Figure 2-1(a)) can be divided into two trian-

- e e
‘)n
P

gles (Figure 2-1(b)).

1
‘.
:\'. The last point allows the first to be applied. Although in general it
-.\"

\q,‘.:
s would be hard to establish that any path did or did not cross the boundary,
; in the case of a triangle this reduces to showing that the lines passing
)
‘:- A through AP, BP, and CP intersect BC, CA, and AB, respectively (see proof in
i
‘\ :
' W
\_-,.: Note: This algorithm produces valid results for test cases C-2, C-5, and
o
*{i: C-7, and is not applicable to the other test cases.

o
o

o
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Appendix D). Thus the following algorithm will divide the quadrilateral

into two triangles, then use this test to determine if the point lies

within either triangle.
The Algorithm: (implemented in QUADTEST in Appendix C)

1. Test for vertices and output message and stop if point is on a

vertex.
2. If not, determine the concavity of the figure.

To do this determine if either the second or forth
points of the figure lie within the triangle defined by’the other 3
points. Recall this can only happen for one point. If this condition
is true, then assign the second vertex as the point of inflection or
concavity. If the condition is false then assign the first vertex as
the point of inflection. The concavity only determines the way the

quadrilateral is divided.

3. Break the quadrilateral into two triangles based on the inflec-

tion point (Figure 2-1 (b)).

The default is taking the first and third vertices
as the center line. If so indicated by the inflection

point, the second and fourth are used instead.
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A ,
" 4, Test the two triangles to see if the point is interior to either.
)
48
‘ .
22
bﬁi A. For each side construct a line from the vertex opposite the
- side to the point in question.
%)
oy
e
T B. If this line intersects the triangle side within the bounds
- of the two endpoints of the side, then the test is successful.
Lo
A¢: For any point to be interior to the triangle, each vertex/point
. 'ﬂ'\
N line must intersect its respective edge., 1If less than three
e intersections are determined then the point is outside the trian- \
-. 4‘:: 3
%}{ gle. To test if a vertex/point line and triangle side intersect,
)
ol subtract the equation of the line defining the triangle side from
the equation of the line constructed in (A). Evaluate the re-
A
':Q sulting equation at the two endpoints of the side yielding two
v
f}j values. For a solution equal to zero to exist within the inter-
§&¢ val between the two points, the value on one side of the interval
»
s
%:j must be greater than zero while on the other side less than zero !
J" -l
tj {(by the Intermediate Value Theorem). Thus by multiplyinsg th2 two
J
re. values together, if a number greater than zero results, the
\,
Sj} solution does not fall within the interval forcing a failure of ‘
. !
ﬁ:: the triangle test.
Y 3
K
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o
!
o
l-‘ e - X
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e
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,’:; 2.2 AN ANGLE-SUMMING ALGORITHM (R_J_G)
Author: R.J. Gardner

* Acknowledgment: F. Lesh

‘,l

%' e
al

Principle of the Algorithm

=

Use the point in question, P(x,y), as the vertex of all angles. Cal-

e
o e

culate the angles PyPPp, PpPP3,...Pq_1PPy, and PpPPy where Pp = Pq-

Call these angles A; where i=1,2,3...n (i.e., Ay is P{PPp). The order

e |

e
e

and sign of the angles must be carefully preserved, and the value of

: b each angle must be properly determined in the interval -1800¢ Ai$180°-
If the algebraic sum of t:.hese n angles (the w'-inding number) is zero,
E:}' the point in question is not enclosed by this polygon as defined by
s the ordering of the points. If the absolute value of this sum is
i 360°n, then the point has been enclosed n times by the polygon.
:

X
M

PN

el .

A Pn(xmyn)' n and R (the resolution to consider two points coincident).

2,

or

Step 2. Read in the test point.

A

Q

Step 3. Initialize sum S to zero.

S=0

‘V'J

3 2-5
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The Algorithm: (implemented in R_J_G in Appendix C)

Step 1. Read in the polygon points P,y(xq,yq1), Pa(xp,¥2),...,
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Step 4. For i equals 1 through n do the following; Translate the
origin of the coordinates to the test point, P(Xx,y).
Xy = x; -x,
¥y = yi -Y-
NOTE: P(X,Y) = (0,0).
Calculate;
My = squ(X§+Y£L
If M; < R output message "Point of interest is on the vertex."
Go to Step 8. This branch is used to prevent division overflow.
R was chosen as 0.0001 for the purpose of this test (1 km in

10,000 km).

Step 5. Do this step for each of the i equal to 1 through n with

n+1=1,

[sign(X;Yj,1-Xj41Yj)]arccos[(X;X; , 1+YiY5,.9)/ (MiMi,1)]

As Aj approaches +180°, the testpoint approaches the side. For the
purpose of this test, +179.88° was used to ensure the capture of

boundary cases in spite of round off errors. (i.e. If }Aii > 179.88
then output the message, "The point is ON THE LINE.")

S = S+Aj

Step 6.

E = Round[abs(S/360°)] to the nearest integer.

2-6
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L Step 7.

IfE=0, point is outside polygon.

. Output message, "Point not enclosed."
. Otherwise output, "Point is enclosed."
L
o

Note: The value of E yields the number of times the point is

enclosed.

- Step 8. More points to check? If yes go to Step 2.

5 Step 3. Another polygon? If yes go to Step 1.

Step 10. EXIT

IR R P L AL T ST
P FAFA. BRI
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2.3 THE QUADRANGLE METHOD (TEST_IT)

”% Author: F. Lesh B
. Principle of the Algorithm:

R, Trigonometry may be thought of as the study of the mapping of spatial

b :
e points in two dimensions onto a unit circle at the origin of the coordinate )
,}: system. The angles are measured by their arc length on the unit circle

(see Figure 2-2 (a)), and are positive in the counter-clockwise sense.
- This quadrilateral algorithm is similar to Section 2.2, R_J_G, which is
based on the unit circle. However, rather than angles, the points are

A mapped onto a unit square defined by (1,1), (-1,1), (-1,-1), (1,-1) in that

ek}
)

order., Analogous to arc lengths as angles, call these displacements along

the unit square "quadrangles.®™ The measure of these "quadrangles" is the

PR Y

TNy

-

distance along the perimeter between the ordered mapped points starting at
-, point (1,1). In Figure 2-2 (b) the values of the quadrangles at critical

points are given as the eight values for S. These critical points cor- al
5ﬂ' respond to multiples of w/Y% on the unit circle. The origin of the coordi-
nate system is translated to the point in.question and the zero quadrangle
is defined by the point (1,1) Figure 2-3 (b). Starting with the first N
point of the AQI, calculate the quadrangle between consecutive points
. through the last corner on to the first corner. The algebraic sum (Figure
;;} 2-2 (c¢)) of these quadrangles divided by 8 gives the number of times the v

point has been enclosed by the polygon. 1In an analogous manner, the sums

of the angles divided by 2w gives the number of enclosures of the test by
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A t\. polygon. This algorithm has the advantage over angle summing with trigono-

metry in that it uses no transcendental functions, uses less memory to

i execute, and executes more rapidly.
5
A The Algorithm: (implemented in TEST_IT in Appendix C)

Given n points on a plane, (xq,yq), (X1,¥1),..es(Xp_1,¥p-1), and a test
E§ point (h,k); determine if the test point lies inside, outside, or on the

boundary of the area bounded by the lines connecting (xq,yg) to (xq,yq) to

3 T
! (X2,¥2) yeees(Xn=1,¥n-1) to (xg,¥q). Note that xp=xg, and yp=yo-
t:_x Two functions must be defined.
e

S(u,v)z the distance around the unit square (Figure 2-2 (b) from (1,1)

counter clockwise.

. If {vi>lu} AND v>Q, THEN S(u,v) = 1-(u/v).
i If fuidlv) AND u<o, THEN S(u,v) = 3+(v/u).
b If {vi>2ju} AND v<0, THEN S(u,v) = 5-(u/v).
= If lullv! AND u>0, THEN S(u,v) = T+(v/u).

R

R(w)=z a function used to calculate the difference between two points as
I
:f.:* seen from the test point. A small variable ¢, is introduced to ensure the
- boundary conditions against round off errors.®

#Note: An arbitrary value for ¢ of 0.0001 was chosen for the "Test and

Input™ in Appendix C.
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"' If <lU+edwil-¢ R(w) = w.
vi: If w<-l-¢ R(w) = w+8.
83

A If wii+e R(w) = w-8.

) Otherwise test point is on a boundary, and go to next case,

Test points on boundaries (corners and sides) are considered to be

L e s e s
" 1l 4
s »

inside the polygon.

T
k: Proceed as follows: first calculate
‘“‘
L
‘t Uy = XO—h, Vo = Yo-k-
:-:: Sg = S(UO,Vo)n
b Z=0.
o
)
:-\
.n:
o Ce Then, for each i from 1 to n perform the following sequence of steps:
T (1) uy = x4=h. vy = yj=k.
;i (2) If ((uy = 0) AND L(V{ = 0)) set z = 8 and go to step six.
-~ (3) Sy = S(ug,vy)
)
W (4) Dy = R(S4-Sq).
)
‘*&: (5) Sg = S¢-
L)
s"‘
g (6) Z = Z+Dy,
;f Finally Z/8 = the number of times the test point has been enclosed.
2
b\
1“
1N
id ‘;
i
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2.4 HANDEDNESS ALGORITHM
Author: R. Gardner

Acknowledgment: F, Lesh

Principle of Algorithm:

To determine if a point is interior to a convex polygon, progress
along the sides and ask for each side (pair of points); "is the point in
question on the left or right of the extended line segment of these two
points?" If the point is always on the same side of each segment for a
complete circuit around the convex polygon, the point is interior to the

polygon.

To determine if a point P(x,y) is to the left (or right) of a directed
segment Py(x4,y7) and P2(x2,y2) evaluate the determinant;
T ot
X5 y» 1| = h (handedness)

x y 1

If the determinant is 0 the points are colinear. If h is >0 the P is

aleft turn. If h <0 the turn is right. See Appendix D for proofs.

This does not work for a concave polygon, However in this c¢case one
can consider the quadrilateral as consisting of two overlapping triangles
as illustrated, (Figure 2-3). The first triangle (b) is formed by exclud-

ing the concave vertex. If the h test shows the point is definitely

2-11
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outside this triangle (h of different signs and none zero) then the point
is outside the AOI. However, in any other case the second triangle still
must be checked. The second triangle ¢ is formed by the concave point and
the two points adjacent to it in the ordered sequence. If the point is
definitely inside this triangle (h;=0 and of the same sign), the point is
definitely outside the AOI. For the boundary cases, if both tests had one
h = 0, the point is outside the area of interest. If one hi of one of the
two triangles was zero, then the unknown point is on the boundary of the

ACI.

It should be noted at this point that the handedness check is used to
determine the nature of a quadrilateral (see Figure 2-4 for the quadri-
lateral case). The given h; are hy((x3_1, ¥i-1), (X3, ¥i)y (Xi41, ¥is1))-
For a convex quadrilateral the h; will all have the same sign. For a
concave quadrilateral one sign will be different. For the degenerate case
of a simple triangle, one h is zero and the three remaining h are of the
same sign. For the triangle with a ray there is one zero h and one which

differs in sign with the remaining pair. The "bow tie"™ has two adjacent hj
greater than zero and two less than zero.

The Algorithm:

Write a routine;

HAND(XT ,y1 ,x2,y2,X3vY3,h);

which determines h for the three points P1,p2,p3 in that order.

AW Ve WV R NS

.

feess

3
N,

©or e,

z
2

[ 5 2N




Step 1. Input Pq(x1,y1), Pa(x2,¥2), P3(x3,¥3), and Py(xy,yy)-

Step 2.

Calculate:
sign h(Py,Ps,P5) = hy
sign h(Py,P2,P3) = hp
sign h(P,,P3,Py) = hg
sign h(P3,Py,Pq) = hy

Where;
sign h = +1 if h > 0,
signh =0if h = 0,

sign h = -1 if h < 0.

This set of {hi} is used to determine the type of quadrilateral.

Step 3. Input point P(x,y).

Step 4. If all of the {h;} are of the same sign and non zero, it is a

convex quadrilateral.

Calculate:
sign h(P; P,,P) = H
sign h(Pp,P3,P) = Hp
v sign h(P3,pu,p) = Hy
sign h(Py,P1,P) = Hy

2=-13
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) If the set {H;} is of the same sign but non zero, output the message, .
2 "Point is in the AOI!", and go to Step 8. “
K If the set {H;} is of the same sign but with one zero, output the ax
b message, "The point is on the boundary of the AOI!", and go to Step 8. !4
- If the set {H;} contains two zeros and the other two Hj are of the o

same sign output the message "Point is on a vertex of AQI!", and go to
m =
g Step 8. -
’j Otherwise output the message "Point is outside the AQI!", and go to ;«
b e
b, Step 8. *

=

D X
B _._}
- =3
. Step 5. If no hj are zero and one of the h, say hj, is of a different
. o
N sign than the other two, it is a concave quadrilateral. From the tri- Sg
- angle, formed by excluding this Pj  calculate the following:
- t:J
> sign h(Pj4+q,Pj42,P) = H"y
> ..,
A sign h(PJ+2,pj+3,p) = H' a
. sign h(PJ+3,PJ+1,P) = H'3 .
. If any two of these H'; are different in sign (excluding a zero) X
B output the message "Point is outside AOI!", and go to Step 8. A
- If two of the H'; ape zero output the message, "Point is on a vertex

of AOI!", and go to Step 8.

A

: Otherwise, for the triangle formed by the Pj (concaved point) and its Lo
:S adjacent points (Pj.q and PJ*1) calculate; 2
" sign h(Py_y, P; P) = HM 2
' sign h(Pj, Pj.q1, P) = H" “E:

sign h(Pj+11 Pj~q, P) = H"3
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If the H"; are all of the same sign and not zero, or if both {H'} and

{H"} contain a zero, output the message, "Point is exterior to éhéx\\\\\s\ﬁ
AQI!", then go to Step 8.

If two H"i are zero, output the message, "The point is on a vertex of
the AOIl"™, and go to Step 8.

If either set {H';} or {H";} contains a zero, but a zero is not
contained in both, and {H"} contains no change in sign, output the
message, "The point is on the boundary of the AOI!™, then go to
Step 8.

Otherwise, output the message, "The point is inside the AQI!", and go

to Step 8.

Step 6.
If only one h (hJ) is zero, (Figure 2-4(c) or (d)) form a triangle by

excluding the point PJ; i.e. PJ#1,PJ*2,PJ*3
where j + n is cyclic in the range 1,2,3,4. Read in the P(x,y).

Then calculate;

sign h(Pja2, Pj+3, P) = H'p.
sign h(PJ+3, PJ+1' P) = H'3.

Where the H'; are non zero and of the same sign output the message

"The point is in the AQII".

Where there is one zero H'y and the other two Hj are of the same sign
output the message "Point is on the boundary of the AOII".
Where there are two zero H'; are non zero and of the same sign output

the message "Point is on vertex!", and go to Step 8.

A
0\ Ll u Q‘-l OO o'l.n 0‘0.

.
Q‘h "

A Soliat

F v-;.\-




3
Where none of these conditions exist output the message, "Point is h
outside the AQIIM. :ﬁ

Go to Step 8.

Step 7. “
X4
Otherwise output the message, "Illegal input!"™ and go to next step 9. i
':
Step 8. Output the message "Are there more points to Input?", If
answer is yes go to Step 4. " ;
Step 9. Output the message, "Are there more areas of interest so :
specify?". If answer is yes go to Step 1. ;3
Step 10. Exit. <
i{
o
w
K
2
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Figure 2-1. Triangulation of Quadrilaterals
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. SECTION 3

TEST AND EVALUATION

The algorithms presented in Sections 2.1, 2.2, 2.3, and 2.4 were
‘ g[ implemented and tested on a VAX-11/780 using Pascal and FORTRAN. The code,
| " test quadrilaterals and points, test results, and specific comments on the
performance of each algorithm are given in Appendix C; The following is a

-, survey of those findings.

e Two main categories of performance emerged in designing and conducting
k) the tests:
(1) Geometric robustness.

s (2) Timing and efficiency.

The first is a descriptive as well as evaluative category. For example, in
. 'l some applications points lying on the polygon itself may be considered
. . outside the enclosed region and for other applications inside it. Table 3~
1 presents geometric robustness for the four algorithms. Note that, al-

v l! though in theory some of the algorithms work for any polygons with three or
| more sides, only quadrilaterals were used in the testing. The three
o classes tested were convex, concave, and degenerate. Both design and
- analysis of the algorithms indicate that for polygons with more sides the

| algorithms presented in Sections 2-2 and 2-3 should work in all but (possi-

bly) the degenerate cases.

BN

S
a

22

N Questions of timing and efficiency arose primarily in five ways.

.r Three of these are fairly independent of the specific application:




g T TR TN

(1) How many special cases had to be checked.

(2) How many subproblems were solved.

(3) Whether trigonometric functions were used.

Table 3-2 addresses these. The other major efficiency issues are quite

application dependent. The order in which the various tests are performed

in an algorithm depend on the characteristics of the most likely

quadrilaterals and input points. Thus the following two considerations can

significantly affect efficiency:
(4) Whether to test for wild inputs.

(5) When to test for degenerate quadrilaterals.

Table 3-1. Geometric Robustness

Algorithm from Section: 2.1 2.2 2.3 2.4
Name QUADTEST R_J_G TEST_IT HANDEDNESS

Convex Interiors + + + +

Concave Interiors + + + +
r Boundaries (Non Degenerate) + + + +
fﬂ;ﬁ Degenerate Quadrilaterals - + + -
,Eég Quadrilaterals + + + +
Eif' N-sided Polygons# - + + -
{E&E + handles
o
5 - does not handle '
%ji * has not been proved in this report L
i

‘%\j
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These questions are also covered in Table 3-2. For any applications the
trade-off must be made, whether there are enough wild inputs to take time
testing for them, and just how often the quadrilaterals will be degenerate.

The table is meant only as a guide for applications.

Table 3-2. Efficiency Considerations

Algorithm from Section: 2.1 2.2 2.3 2.4
Name QUADTEST R_J_G TEST_IT HANDEDNESS

Subproblems + - - -

Trigometric Functions - + - -

wWild Inputs - - - -

Degenerate Polygons + - - +

Language P F F P

does not have

0 comes late
+ comes early
F FORTRAN

P PASCAL
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USAMS ALGORITHM ANALYSIS SERIES

Gillis, J.W., Griesel, M.A., and Radbill, J.R., Analysis of Ge aphic
Transformation Algorithms, JPL Report D-181, July, 1982.

Gillis, J.W., Griesel, M.A., and Radbill, J.R., Correlatjonm Algorithm
Report. JPL Report D-182, September, 1982.

Gillis, J.W., Griesel, M.A., and Radbill, J.R., and Kuo, T.J., Intelligence
Algorithm Methodology I. JPL Report D-183, August,1983.

Gillis, J.W., Griesel, M.A., Radbill, J.R., and Sizemore, N.L., Cross-

relation: Statistics Templati and Doctrine. JPL Report D-184,

February, 1984,

Gillis, J.W., and Griesel, M.A.,, I/EW Direction-Finding and Fix Estimation

Analysis Report, JPL Report D-180, to be published.

Mathematies Clinic, Claremont Graduate School, Applications of Correlation

Techniques to Battlefield Identification I, JPL Report D-179, June
1984,

Institute of Decision Sciences, Claremont McKenna College, Power of
tistica ests Used in Correlation Technigues for Battlefield
Identification II, JPL Report to be published.
Mathematies Clinic, Claremont Graduate School, A Non-Standard Probabilistic
Position-Fixing Model, JPL Report D-186, June 1985,
Carson, G.S., Gillis, J.W., and Griesel, M.A.,, Intelligence Algorithm

Methodology II: A Tactical Sensors Model, JPL Report D-185, o

be published.
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APPENDIX C

IMPLEMENTATION AND TESTING

by

Nick Covella and Bruce Pardo

w3 R 5P

-
¥

For each of the following programs and test results, refer to Figures

e

C-1 through C-7. The solid lines reflect the input quadrilaterals. The

e

X's indicate the locations of the input test points. The handling of

points on boundaries (corners and sides) is described in Section 2.

oA |

There are four coded programs (2 in Pascal and 2 in FORTRAN) that have

L4
| ~2A0

been designed and tested by the individuals who took part in the design of

{‘ the respective programs. The four programs are:

. 1.  QUADTEST ( PASCAL) 2.1

i 2. R_J_G (FORTRAN) 2.2

§§ 3.  TEST_IT (FORTRAN) 2.3

v 4.  HANDEDNESS (PASCAL) 2.4

!! .

o Each of these algorithms used different mathematical methods -to
t{ determine whether a point lies inside, outside, on a corner, or on a
?! boundary of the input figure. These methods are discussed in Section 2.

The analyses of the generated results appear below.
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PROGRAM QUAD: (SECTION 2.1)

This program used the idea of triangles. If the line connecting the
test point with each vertex intersects the line of the opposite side of the
triangle at a point within the confines of the triangle, and this condition
holds true for all three cases, then the test point is in the interior of

the triangle in question.

For non-degenerate quadrilaterals, this algorithm performed well. It
does not properly handle the bow tie or degenerate cases for which three

points fall on the same line.
PROGRAM RJG: (SECTION 2.2)

This program used the idea of angle summing. The point in question is
used as the reference point, then the angles formed by this point and the
points of the figure are summed. Direction of counter-clockwise or clock-
wise makes no differenceAso long as the points tested are in sequence. The
value of the final summation is either 0 or a multiple of 360. If the
value is 0, then the point in question is outside the figure, otherwise it

is inside the figure.

Based on the testing here, this algorithm seems very robust,
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PROGRAM TEST_IT: (SECTION 2.3)

e

«
-

This algorithm used the idea of a unit square. Function Scale calcu-

el

- lates the distance around the input figure starting at (0,0) and travelling

i
‘vl L]
Fe

< counter clockwise., Rcale calculates the angular difference between two

K Ay

! points as seen from the test point. The result gives the number of times

o
vt

the test point was circled. For a closed quadrilateral that had no inter-

nal intersections, if the test point was inside the figure then the en-

P
Az

closed value was 1; otherwise, it is zero.

i
-

3

4

£

a

Overall, this algorithm seems very robust. It tested each input point

o

Rt A o
s By 27

correctly and quickly and could be used in a real-time environment.

PROGRAM BANDEDNESS: (SECTION 2.4)

.i;
3
"' This algorithm's basic principle only does not apply to "bow-tie"
V . quadrilaterals. One should progress along the perimeter in the direction

specified by the ordered points. With each pair of the perimeter points,

follow along the direction specified by their ordering, connect two con-

N Q secutive points, form a segment, then check to determine if the test point
T is on the right or left of the segment. If the answer is sometimes "left"
»J .
; and with other point pairs "right", the point is exterior to the convex
-
T .- quadrilateral. If the answer is always the same (left or right), the point
- “:'I
L
b -
h* '-:
=

Wl
5

c-3
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is interior to the convex polygons. In the case of the concave quadrila-
teral, the convexity limitation is avoided by dividing the quadrilateral

into two triangles and applying this principle to each of the triangles.

Though this algorithm appears very robust, the logic is very compli-
cated when handling the concave case. Thus it becomes impractical to im-
plement in the field, particularly when compared to the other algorithms.
The difficulty of expanding this algorithm increases geometrically with the

number of sides.

In the following seven diagrams {(Figures C-1 through C-7), the lines
represent the outline of the input figure, the crosses (X's) represent the
input test points, and the encircled crosses are special test points; the

vertices of the input figure.
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PROGRAM QUADTEST (INPUT. QUTRUT);

{#THI=S PROGRAM TESTS TO SEE IF A POINT FALLS WITHIN THE CURVE QOF
A 4 SIDED PULYGON GIVEM THE 4 POINTS IN ORDER AND THE COORDINATES
OF THE POINT IN QUESTION. IT 1S DESIGNED TO HANDLE CASES OF BOTH
CONVEX AND CONCAVE FIGURES.

WRITTEN BY: ELLEN DRELL
DAT+D: 12/246/84

ACHNOWLEDGMENTS: PROF. ROBERT HENDERSON, C.S5. U N.
MS. ELAINE SCHMIDT, J. P L.

)

TYPE

POINT = ARRAY [1. .23 OF REAL;

TRIANCLE = ARRAY [1.. 3] OF INTEGER;

VAR

A : ARRAY [1. 437 OF POINT;

F o POINT;

Ti,. T2 : TRIANGLE;

CENTER : INTEGER:

LFLAG, I. J K . INTEGER:;

INFLECTION : INTEGER;

RESFONSE, REPLY - CHAR;

R e e e et DR P ——— e e e e e s e e i e e e e e o e %)
(e e e e e e e - #)

FUNCTION TRIANSLETEST (V1,V2,V3 @ INTEGER; P : POINT) : BOOLEAN;

(¥ THISZ ROUTINME TESTS IF THE LLINE CONNECTING THE POINT P WITH EACH
VERTEX INTERSECTS THE LINE OF OPPOSITE SIDE OF THE TRIANGLE AT A
FOINT WITHIN THE CONFINES DF THE TRIANGLE. IF THIS CONDITION
HO!L.DS FRUE FOR ALL 3 CASES THEN THE POINT IS IN THE INTERIOR OF
TrE TRIANGI.E DEFINED.

%)

VAR

vabLt, vakz. LY, #X. M : REAL;

I, COUNT . INTEGER:
V, 51,22, TEMP : POINT;
BEGIN

CIUNT - = O

) = ALV1I,

31 = Alvel;

32 = ALV3IL;

FOR 1 =1 TO 3 DO BEGIN

({#F0OF THE THREZ SIDES TEST IF THE INTERSECTION OF THE 2 LINES
JCOURS AT A POINT BETWFEN THE LEFT AND RIGHT ENDPOINTS OF THE
Slug. USE THE INTERMEDIATE VALUE THEORM TO DETERMINE IF THE
SOILUTION EXISTS IN THE INTHRVAL. o990

SO (S

oal

LK

b




($THE CASE
HAVE THE

WHER
SaMe &
CSTED. A LI

Ao A B Ban Aten 8as ASe ME A2 LAl a4t Al al cal oabialk SRR Sal oot

THE
VALUEZ QNLY THE
NEAR FORMULA SIMILIAR TO THAT

WITHIN THE TRIANGLE DIFINED BY THE OTHER 3 POINTS

* )
N IF ¢ 5101l < S2U11 )
" THEN M = ((S51121-82{21)/(51T011-82L01 1) (#SLOPE«)
SLSE M = 99T (#SL0PZ IS INFINITY SINCE VERTICAL%)

VERTEX POINT AND THE POINT IN QUESTICN
Y COCRDINATE NEEDS TO EBE

IN THE LINEARITY

FiNCT TON CONCAVITY INTEGER,
-
>
t, {#THIZ ROUTINE TEST TO SEE IF THE FIGURE IS CONCAVE OR CONVEX IT
) TEISTS BY USES CF PERMUTATIONS, IF ANY OF THE VERTEX PJOINTS LIES

[F CONCAVITY

e PROCEDURE I3 USED AND A COMPARISON IS DONE USING THE TWO
v DIFFERENT ¥ VALUES WHILE HOLDING THE X CONSTANT
L
!! IF VE11=FC1] (#TEST FOR SLOPS OF INFINITY=#)
i THON BEGIN
. VALY =(WL2I-S1021F ~ (M#*{V{1I-S1C11);
o VAL2: =(PL21-51021; - (M*{V[L1-S1C0113);
- IF (ADS(VaLi) > ABS(VALZ)) THEN COUNT : =COUNT +1;
END (#TilEnNa#:
- CiL3E BEGIN
A LY:=Si011; RX:=82C11;
o VALL: =(VE21-32023)-(M*(LX -S2013))+ (((V[2I-PL21)/(VL11-PLLI1)={iLX-VT1
. VAL2: = (VIZ3-S10271= (M2 (RX -S31T11))+ (((V[2I~PL21)/(VL11-FPCLI: )+ (Ri-Vl1
i
a IF (VAL 1 » VAL2) <= O TIEN COUNT :=COUNT + {;
END (#ILSE=):

TEMR .=
Y o= Sl (#SMITCH TO THE NEXT EDGE OF TRIANGLE=#)
X S1:= S2i
T S2: =TEMP;
' IND (#FOR=2 .
- IF COUNT = 3 THEM TRIANGLETEST = TRUE (#POINT WITHIN®)
a ELSE TRIANGLETEIT = FALSE;
h END,
(A e e e e e *

; ’; [3 CETERMINGD THENM THE FUNCTION RETURNS THE INTERNAL POINT AS THE
R PTINT OF INTLECTICN. [F THE FIGURE IS DETERMINED TO BE CONYEX
YERTEAL 1 IS FIZTURMED CY DIFAULT.
.t * )
“ RESIN
ﬁ. IT (TRIANGL=ZTZS T 1, 2, 3, AT41)=TRUE) OR (TRIANGLITEST(3., 4. 1. AL[2]1 =TRUE
o THCN COMNCAVITY - =2
TLZE CCMCA LT =1,
\," E\' D ¢
$-I
‘ L Fmrmer e m i e S e e e e e e e s e e 4 e e S e e e e e e e e - — o —— - — o —————— 5+ .
PRICETUTE ENTZSVALS,
(*THTY FRICCICLFD [3 THE PRIMET SOUTINE TO ENTER THE VALUES INTI THE ARR:. v
(+5F O INTSe) c-11
e e e e T N N N L e
_.ﬁ-_.ﬁi‘(:ﬁ-:.'ni‘-{\-.i.‘z_‘ A YRR AR I M AR SIS TSI IS VTSNV

[P E]




LA BAa 4 Aln Aas Saa ok dhs Bha-Ate ohs Aan Sfe A te g

s
Y :
Il ;i
AR
o L.IrCAS @ INTEGERS 1
Yoy d
I BESIN ‘
LN WRIFEH NG
Ao WRITEIM ('ENTHR EACH UF THE 4 POINTS IN ORDER ‘); i
WRITEI.N (’ORDER IS DETERMINED BY THE CONSECUTIVE POINTS BEING JOINED BY A SIDE |
% WRITEI N {'ENTER EACH NF THE 3 POINTS AS AN CORDERED PAIR )
s WRIIT N; .
N FOR I:= 1 TO 4 DO BEGIN &
2 WRITE (’ENTZR THE X CONROINATE OF VERTEX ‘,1:2,° ‘) :
b RECADLN (ACT. 1)
; WRITE (‘EN(ZH THE Y COOROINATE OF VERTEX ‘. 1:2, ¢ ')
P ACADINGALL. 230
Nl Wi THELN;
; "'_ FNEY R
W WRTIFIN; N
END;
o {dmm s e e e e e %} v
- FUNCT {OM NEWPT- INTEGER; :
N {#FHI= ROUTINF ENTERS THE PGINT TO BE CONSIDERED AND DOES #)
S (#WER (FICATION CHECKING ON +IX{STING COORDINATES#) .
Bedin
it NEWR 1 =0s
o WR{TE «’ENTER THE X COCROINATE OF THE FOINT P ), ,
e RCADLMN (PL11)s ,
e WRIFE (‘ENTER THR Y COCROINATE OF THE PGINT P /)
A RZADLN (P
™ WR { FELN;
- WR (TELN;
- Fk I:= 1 13 4 DO
i [F ¢{ALI,13=F013) AND (AfI.21=P{2])) (%CHECK FOR A VERTEX FOINT#) X
K- THEM NEWP i@ =1,
- END;
‘ L
) { e e e e e e %)
= (% BEGIN MAIN RQUTINE %)
; (o e e e e  ————————————— e #)
i 3
ot BESIN :
! REFEAT BECIN
e~ KN TERVALSS A
§g. wE . TELM (’EMTER THE POINT UNDER CONSIDERATION AS AN CRDERED PAIR /).
v Wiv L FELN,
foy
0 SEFEAT BES (N 3
- LFLAG =NEWP {.
pr IF LFLAG 10 1 THENM BESIN .
;;: END (#END I+ #); -
-7 i
(s CABE LFLAG OF
1 0: BEGIN t «NON VERTREX CASE#)
(A
;.5 TNFLECTIGN @ “ONCAVITY;
:»ﬁ TL013: GINFLECTION, (#0EFINE TRIANGLES BASED ON INFLICTISN <« 4
S Til23 :INFLECTION+Y, (#POINTS ¢ 3
e C1{37 =INFLECTION+Z caq2
"J
I

AFATL TR,

R —
"u‘ W n‘hs W "‘ >
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TZLt 1 -I'\iFLELTIDN;

ol rs 5
Pl

Lo T2023: = INFLECT1ON+2;

1§ e IF INFLECTIONM = 2

o THEM T2C31: =IMFLECTION-1

'S . ELSE T2031: =INFLECTION + 2;

« 17 (TRIANGLETEST(T1C11, T1L21, T1C31. P} = TRIANGLETEST(T2Ct], T2(2:. 72

. THEN

e IF TRIANGLETEST(T1C11, T1{2]1, T1{31.P) THEN

;L WRITELN( ‘THE POINT IS AN INTERIOR POINT OF THE QUADRALATIRAL

ELSE

! WRITELN( ‘THE POINT IS AN EXTERIOR POINT OF THE GQUADRALATIRAL
. ELSt

WRITELN( ‘THE POINT IS AN INTERIOR POINT OF THE GUADRALATZRAL

g* END (%0 CONDITION OF CASE#);
T 1 . WRITELN (‘THE POINT WAS A VERTEX OF THE GQUADRALATERAL ‘)
END (#CAST#);

@ WRITEL N

WIITE {("ANOTHER POINT TJ TEST WITHIN THIS GQUADRALATERAL?® Y/N
RZADL.M (REPLY),

::. WRITELMN:
. A EMD (#RIPLY REPEAT#
UNT IL REPLY <2 Y7,
L WRITELN,
‘,-.:» HMRITE {( ‘ANGTHER GUADRaALATERAL TO TEST™ Y/N ),
" HEADLN (REZSPONSE)
N WRITELN;
;. EIND Q*PtbFUN £ REPEAT»!,
'I UNTIL RESIPONTIT O ‘Y

END.
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o 1
o ;
'; QUADRILATERAL X-COORDINATE Y-COORDINATE
N t
c-1 0.0000 0.0000
1084 2.0000 0.0000 ;
2 4.0000 0.0000 .
e 6.0000 0.0000 '
B
e CHECKING THE INPUT (X, Y) POINTS
. .i
S
N N INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
BEL et e
o 4.0000 4.0000 ouUT
'&{ 4.0000 1.0000 ouUT
&! 2.0000 3.0000 OUT .
N 6.0000 3.0000 OUT \
. 8.0000 3.0000 : OUT '
, 5.0000 0.0000 ON THE LINE
"1 2.0000 7.0000 OUT
™~ 8.0000 7.0000 oUT
-l 6.0000 2.0000 oUT
b= ~3.0000 4.0000 OUT ;
L -2.0000 7.0000 OUT
A 0.0000 0.0000 CORNER
o 2.0000 0.0000 CORNER
o 4.0000 0.0000 CORNER
-:jx 6.0000 0.0000 CORNER
o3 10.0000 0.0000 oUT
8 6.0000 8.0000 oUT
ol 3.0000 3.0000 oUT
o 4.0000 6.0000 oUT
0 7.0000 0.0000 OUT
2 6.0000 4.0000 OUT
f 13.0000 0.0000 OUT
b 6.0000 7.0000 OUT
. 12.0000 0.0000 oUT
¥ 0.0000 5.0000 oUT
; 7.0000 5.0000 OUT
i5eg
‘lk.-e
",
s
1925
".
*.'}
oS
i
§ :3
‘t
i C-14
:':'-r
Lo% - e e e
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QUADRILATERAL X-COORDINATE
c-2 0.0000
10.0000
6.0000
3.0000

CHECKING THE INPUT (X, Y) POINTS

Y-COORDINATE

2.0000
6.0000
8.0000
5.0000
2.0000
8.0000
6.0000
-3.0000
=-2.0000
0.0000
2.0000
4.0000
6.0000
10.0000
6.0000
3.0000
4.0000
7.0000
6.0000
13.0000
6.0000
12.0000
0.0000
7.0000

4.0000
1.0000
3.0000
3.0000
3.0000
0.0000
7.0000
7.0000
2.0000
4.0000
7.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4.0000
0.0000
7.0000
0.0000
5.0000
5.0000

GENERATED RESULT

IN
IN
ouT
IN
IN
IN
ouT
ouT
IN
oUT
ouT
CORNER
IN
IN
IN
CORNER
CORNER
CORNER
ouT
IN
IN
ouT
IN
ouT
ouT
IN

0.0000
0.0000
8.0000
3.0000

ACTUAL RESULT

IN
IN
oUT
IN
IN
ON THE LINE
oUT
OUT
IN
ou
oUT
CORNER
ON THE LINE
ON THE LINE
ON THE LINE
CORNER.
CORNER
CORNER
ouT
ON THE LINE
IN
OUT
IN
oUT
ouT
IN




i .
e 5
A .
4 Ny
:. ~
o QUADRILATERAL X-COORDINATE Y-COORDINATE
" "
> c-3 0.0000 0.0000 o
30 4.0000 6.0000 )
W 7.0000 0.0000 3
N 10.0000 0.0000 74
‘ e
& CHECKING THE INPUT (X, Y) POINTS
N |
N INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT n
) 4.0000 4.0000 IN
D 4.0000 1.0000 IN v
b 2.0000 3.0000 ON THE LINE
™ 6.0000 3.0000 OUT j
K 8.0000 3.0000 oUT .
L & 5.0000 0.0000 ON THE LINE
5 2.0000 7.0000 ouT
< 8.0000 7.0000 ouT
3 6.0000 2.0000 ON THE LINE i
}‘ -3.0000 4.0000 oUT .
X ~2.0000 7.0000 ouUT iy
0.0000 0.0000 CORNER -
e 2.0000 0.0000 ON THE LINE
. 4.0000 0.0000 ON THE LINE q#
o 6.0000 0.0000 ON THE LINE W
-+ 10.0000 0.0000 ~ CORNER
6.0000 8.0000 - oUT =
" 3.0000 3.0000 IN e
x. 4.0000 6.0000 CORNER
N 7.0000 0.0000 CORNER
2 6.0000 4.0000 ouT -
- 13.0000 0.0000 ouT
o 6.0000 7.0000 oUT
. 12.0000 0.0000 oUT o
o 0.0000 5.0000 OUT o
L. 7.0000 5.0000 ouT
,
N Y
- .
: %,
1 o
'S
o
s N
™)
b2
] -
[}
]
% C‘16 N
. L
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>

{'\f '.Iﬂ < -'1 \ﬂ a%a ';--:t'\.

- A PR PR L f ‘., .( RS A y,_-.ﬂ.. D N S T UL R SR ‘. »
ey 274 ".r v atelel ‘f;* LANAg N PN \."n"fx AR RNt « AN w-"' ;;




- Lo LAkA A Rt il ati - atd Schi- i add-alAatd adh adA el st aih aTh-aBEchdi A" st *alih ikl K olh RERiE ¥ iRl g o v""."t'"‘-"‘-i"\"'w'u-'T

"

i
8
B~
+ i QUADRILATERAL  X~-COORDINATE Y-COORDINATE
‘\
- c-4 0.0000 0.0000
. 6.0000 4.0000
> 13.0000 0.0000
) 6.0000 0.0000
A
! CHECKING THE INPUT (X, Y) POINTS
1o _ -
g INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
Wi
W 4.,0000 4.0000 oUT
i 4.0000 1.0000 IN
S 2.0000 3.0000 oUT
y E‘E 6.0000 3.0000 IN
8.0000 3.0000 . oUT
A 5.0000 0.0000 ON THE LINE
SR 2.0000 7.0000 oUT
‘I 8.0000 7.0000 ouT
! .. 6.0000 2.0000 N
ﬁ ~3.0000 4.0000 OUT
. -2.0000 7.0000 oUT
: 0.0000 0.0000 CORNER
‘i 2.0000 0.0000 ON THE LINE
. 4.0000 0.0000 ON THE LINE
) 6.0000 0.0000 CORNER
K 10.0000 0.0000 ON THE LINE
! 6.0000 8.0000 oUT
3.0000 3.0000 ouT
Y 4.0000 6.0000 oUT
R 7.0000 0.0000 ON THE LINE
Ry 6.0000 4.0000 CORNER
¢ 13.0000 0.0000 CORNER
o - 6.0000 7.0000 ouT
iR 12.0000 0.0000 ON THE LINE
. 0.0000 5.0000 OUT
' 7.0000 5.0000 ouT
IERY
[
E o
.‘:_
)
" %
. %
)
i ™
) . C-17
4
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CHECKXING THE INPUT (X, Y) POINTS

e o e e e

e gt e e . . g
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—— i o e ko S o i iy i e et

QUADRILATERAL

.0000
.0000
.0000
.0000
.0000
.0000

.0cco
.0000

.0000
.0000

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

C-5
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.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

X~-COORDINATE

——— e e e et e

0.0000
6.0000
12.0000
6.0000

IN
ouT
ouT
CORNER
IN
ouT
ouT
ouT
ouT
OouT
ouT
CORNER
ouT
ouT
ouT
ouT
ouT
IN
ouT
ouT
IN
OuT
CORNER
CORNER
ouT
IN

Y-COORDINATE

0.0000
7.0000
0.0000
3.0000

IN
oLT
oLT
CCRNER
IN
oLt
oUT
oUT
LT
oL~
oCT
CORNER
olT
oLT
LT
olT
oUT
IN
olT
ocT
IN
orT
CORNER
CORNER
oCT
IN
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'-1

o

LA

I
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wvd
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QUADRILATERAL

Cc-6

CHECKING THE INPUT (X, Y) POINTS

—————— s vy

4.0000
4.0000
2.0000
6.0000
8.0000
5.0000
2.0000
8.0000
6.0000
-3.0000
-2.0000
0.0000
2.0000
4.0000
6.0000
10.0000
6.0000
3.0000
4.0000
7.0000
6.0000
13.0000
6.0000
12.0000
0.0000
7.0000

0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4,0000
0.0000
7.0000
0.0000
5.0000
5.0000

*Nll.h ;'- K

X~COORDINATE

"-"-.'\
v

hdealan
LB all

0.0000
0.0000
7.0000
7.0000

Y-COORDINATE

GENERATED RESULT

c-19

T T

WA T e -

O AN R RAPR TR
T et »

A 3

0.0000
5.0000
0.0000

5.0000

ACTUAL RESULT

ouT
ouUT
IN
IN
0uT
ouT
0UT
ouUT
IN
ouT
0ouT
CORNER
ouT
ouT
ouT
ouT
ouT
oUT
ouT
CORNER
IN
ouT
oUT
ouT
CORNER
CORNER
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QUADRILATERAL X-COORDINATE Y-COORDINATE !
c-7 0.0000 0.0000 &
10.0000 0.0000 -
6.0000 8.0000
2.0000 4.0000 -
CHECKING THE INPUT (X, Y) POINTS ;;'
g
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT iy
—————————————————— ‘\'
4.0000 4.0000 IN IN
4.0000 1.0000 IN IN Dy
2.0000 3.0000 IN IN >
6.0000 3.0000 IN IN
8.0000 3.0000 IN IN )
5.0000 0.0000 IN ON THE LINE J
2.0000 7.0000 OUT ouT
8.0000 7.0000 OUT oUT "
6.0000 2.0000 IN IN &
-3.0000 4,0000 ouUT OUT :
-2.0000 7.0000 oUT oUT
0.0000 0.0000 CORNER CORNER E
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE
6.0000 0.0000 IN ON THE LINE ~.
10.0000 0.0000 CORNER CORNER o
6.0000 8.0000 CORNER CORNER '
3.0000 3.0000 IN IN -
4.0000 6.0000 IN ON THE LINE s
7.0000 0.0000 IN ON THE LINE T
6.0000 4.0000 IN IN
13.0000 0.0000 OUT OUT e
6.0000 7.0000 IN IN 3
12.0000 0.0000 OUT OUT
0.0000 5.0000 oUT OUT -
7.0000 5.0000 IN IN e

C-20
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Praogram R_J_G

- “. C
?% c This program reads in i{x,y) values a three quadr:ilateral ‘
) c hawving &4 corners. A test point (x,y) is checked ta determine 14 !
R C the inputted point falls in the quadrilaterals !
9
C Algorithm designed by. Robert J. Gardner. J P L
C Implemented by: Nick Covella, J P L
o C Dated: March, 1985
o
i c
Real®*Z Xarrayi(l, 4), YArrayl(l, §)
.l Real#8 NewXArray(l.4), NewYArray(li, &)
b Real#2 InXcoord, InYcoord
2 Character«! Respl.Respd,Flag
i oo Integer Quadcntr
v Tag R Ry X 2 R R R R R R R X2 2 R B R 222
CRLVFLFLREFLEFECH Rttt tr M A I N #86 P R 0O C R A M ettt rstits
F, CoW i b 4o 6 S 4E 3 S 2 BRSBTS R T 3E I A T 2 S 26 22 2 S R A
N
Cpeni{Unit = !,File='Kjg. Dat’, Status = ’'New’)
- Opentionit = 2,File='Fts Dat’, Status = ‘0ld’)
&' Call 3Bkiptl)
Call Skiz (@)
) Call Prompti{Respl)
S GQuadcntr = Q
o Do While ((Resp! .EQ. 'Y’) .0OR. (Respl EGQG ‘y’))
< Quadcntr = QuadcnirT + 1
T Open(Unit = 3.File='Test Dat’,Status = ’‘0Old’)
" Call Initialize(XArray, YArray., NewXArray, NewYArray)
Call LosdArrays{(XArray. YArray, Quadcntr)
) Call Unl.oa“*arrays(XArray, YArray. Quadcntr)
&: Call Prompt2(Resp2. InXcoord, InYcoord)
e Do While ((Respa .EG. ‘Y’) .OR. (Resp2 EQ ‘y’))
€Call TestPt{InXcoord, InYcoord, XArray, YArray.Flag)
23 Calil Transformi{lInXcoord, InYcoord. XArray, YArray,
l + NewXArray, NewYArray)
Call Tesi_Iti{NewXArray,NewYArray, InXcoord, InYccord)
o G0 TC 29
o 29 Call Prompt2(Resp2, InXcoord, InYcagord)
» If ((Resp2 .€Q. ’‘N’) . OR. (Resp2 EG ’'n’)) Then
» Close(Unit=3)
:-".; End If
- End Do
Call Promptl(Resp!)
e End Do
h Write(S, 55)
-~ Closei{Unit=1)
v Close!(Unit=2)
. 55 Format{T2, ‘Normal Campl2tian aof Praogram by N Covella’)
Stop
o End

CRBEtdr sttt tR e SO RB A PR REAB TGS EFERED BREBEHEIEBILSRRR RIS EITLS SRS

) :*{-6{-*‘-{»#{'{‘446{-@"{-#{-#':d-{-Q(“}i‘{ﬂ}é{‘@&‘l’i‘##*ééé%éQﬁ*{-&&#{-éé#ééé#éé§(‘é§£‘¢t‘#c~{>é *
. f% . Subrouzine T2siftiinXcserd. InYcoord, {Array. fArray, Flag’
e -
L This subroutine checks 1f %the point 1s one 0f the caorners
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<
Real=3 XArrayil.d). YArray(l,4)
: Real#3 InXcoord. InYcoord
Characters®l Flag
Flag = 'F~
Do 101 = 1.4
[f {(IinXcoord .EQ. XArray(l.I)) Then
v If (InYcaord . EQ. YArray(l,I)) Then
9
Y Flag = ‘T’
End If
Eng If
1c Conmtinuc
}{ Return
g End
Cr e de s r R R LT 5 6 B B R IR AT I 6 6 3 B0 3 3 H A R B I F AR E L H KR LR R
CH st R0 3046 T 16 S 466 40 25 AT B A S 1 45 046 S0 0 35 0 SR I S IR R R R 3 R R SRR R RN
% Subroucine Initializei{XArray, YArray, NewXArray, NewYArray)
"f' c
C This subroutine inmitializes the two arrays (i. e quadrilateral
C and Anslyst) to z2ero sc that any unknown values may be detected
b Real#8 XArray(l,d), YArray(l, 4)
XY Rzal#8 NewXArray(l, 4), NewYArray(l, 4)
-. Haj o
o Intoger Index
>
) Do 1D Index = 1,4
v Xarray(l, Index) = 0O
- Yarray({l, Index) = 0
Ay NewXarray(l, Index) = O
. MewYarray(tl, Index) = 0
> 10 Continun
i
Return :ﬂ
End
3
el Y R Ty Ry Ry Y L T Y 2 ) .
o L g 2 T R R X r X L Xy Ry Ry T 2 .21 28 2 T R R )
Subroutine LoadArrays(XArray, YArray, Kount) -
C
o . .
c fhis subroutine loads the 3 quadrilaterals with (x.y) coordimates -
y c for each corner of the corresponding quadrilaterals. ”
) c
Realt#3 JArrayil, 4), YArray(l, 4)
- Int~rger Kount 'q
: Wr1iei5. 01) !
- Writeil,O!) )
.- Do 10 Index = 1,4 o
Write(3,%7) Index,Aount
Resd (2,997 XArecayll, Index)
2 Write(5, 78 [ndex. Aourt 3
i. Head (2,977 YAerrayil, Index) »
. 10 Continuz C-22
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Q1 Farmas (" )
7 Formas(Ti, ' Input X_coordinate #’, 11,723,
t ‘" $for Quadrilateral #’,1I1)
23 Format(TLl, ' Input Y_coordinate #', 11,723,
- ‘ Poar Quadrilateral #/,I1)
@7 Forma:t (-9 41}
Raturn
End

CREIIPFH IS I I RIS I LSS S IEFBFTFFFFEE TS L TR I T E R A F I RS I IH TSN
s R I R R s T DTSR Y SR R S 2

Subrauline UnLoadaArrays(XArray., YArray, GuadNo)

This subroutine displays &the inputted values of the
(x,y} coardinatas for each quadrilatesral and tha

{x,y) coardinate that is to be checked whether or not it
is in any af the2 three quadrilaterals.

QOO aGO

Rexl#3 KArray(li.4}), ¥YArray(l, 4)
Integ2r QuadNa, Indax

Writa(3, 94&)

Writz(3,97;

Write (i, 94)

Writeil,97)

Da 10 Index = 1.4
Writa(3, 98 GusdMa. XArray(l, Index), YArray (i, Index)
Write(l, 98} QuadMa., Xa&rray(l, Index), YArray (i, Index)

10 Continy=
Write(1.97)

L Format (T3, ‘Quadrilateral . Ti8, "X{-Coord . T3GC,
> ‘Y=Cogrd *)
97 Formas(T3, / -m—————mmmm e 1 T18, (m—————— ‘, T30,
. o ‘y
?a Foarmat(T9, [1, T13,792. 4, T27,.F9. 4)
Refurn
End

e T R N Y E e TR RS PR ey T P T
CHAFIFIORIRASIAIRAFF A5 3P 22 2SI 2B BH 3P RS RIS AR FH SRR P TIHLIF S 2233

Subrauftin2 Transfarm{InXcoord. InYcaard, XArray, YArray.
- NewXArray, NewYArray)

C
c This subroutine normalizes the inputtad quadrilatesrals to
C cagordinatas (G, 2) faor easy calculations based on the origin
c
Real#3 Xarray(1l,4), Yarray(l,4)
Real#48 MawgArraydi, 4), NewYArray (1, 4}
Rcal#3 [n¥coord. InYzosard
Integer Index
Da 10 Ingex = 1.4
MewlAarray (L, Inde¢) = Adrray(l. Index) = InXcoory
MewYArray(l, Intex) = YaArray(l, Index) - [nYcoora
1¢ Continue c-23
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! Rzturn

4 End R

. (Bt e R R PR R A FBLFFF IR SRS CHBEEE B F I S0 3 S 40 3F 46 XL F
‘., fof 2 2-F 23 T-2 TR L AP N TR XS S R TR R R R R R R R R R A R R R R S R R R R L R R R '-:_'-
' -
' Subroutinz Test _ItiNewXArray, NewYArray, X, Y)

‘ Inteqor EValue, Index., . :
¥ Roal®® NewXArrayli, 3), NawYArray(l, 3)
3! Real#*s X. Y, A(D), M(4), Sun. R, Tmpl, Tmp2
: Charantar#l Loop,Exit o)
- R = 0. 000t
- De 10 Ind2x = 1.4
:_ M{index) = DS@QRT{ {NewXArray(l, Index) #¥ 2) + <.

‘ 4 (NewYArray(l, Index) #x% 2)) o
) If (M{index) .LE. R) Then

c Prevention of division by zero. ~
W Write(5, 93) .
~ Weitei(l, 74)
L S0TuU 13 “
B End {f -r
"o 10 Continve b
-~ Index = >
- J =2 ~
" Sum = O
N Ds While fInd2x .LE. %) .
" [# (index .EQ 4) fhen ﬂ
‘ J =1 '
N End I¢f
- Timol = ({New¥Arrayt!l, Index) # NewYArray(l,J)) - e
o 4 (NewXArray(l,J) # NewYArray(l, Index))) =
P Tmad = ({(NewXArray(l, Index) # NewXArray(l,J)) +
(< 4 {(MewYATray(l, Index) # NewYArray(i,J))) .
Alindgex) = DALOSD{Mmp2 / (M(Index) # M(J))) -~
= If (AlIndex) .GT. 1797.88) Then
- Writo(5, 30)
. 36 Format{T2, ‘Tue point is ON THE LINE. *) .
3 Writa(1,31) .
o 31 Format{ T2, 'The point is ON THE LINE /)
g 6N TO 13 .
Y mndif "y
[+ [f (fmpl .LT. O 9) Then B
- Alindex) = -A(Index)
X Endi¢ -
- Sum = Sum + Alindex) R
-\ Inde: = Tndes + 1 o
. Jos o+ N
o End Do :’:'
2 EY1lue = JIDMNT(ABZ(Sum / 360 0)) f:
3 1# (=Value EQ. 0) Then
'~ Write(5,27) 7,
Write(l,27) !
Else
. WwriteiS, 2 .
- Weitel. 2% !
:;-, mrds ® c-24 N
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27 FTormat(T2, 'Poinf%t not anclosed. ")
2 Format{(T2: ‘Pornt i35 enclosed.
IC Format (T2, ‘Paint of intsrest is on the VERTEX')
3 Cantinue
Raturn
End

e T EEEE T EETE S P L LR LRSI P LTRSS RS L L LR el LR
CH44-$L FHTH RSP LA AL F B IS FU S F AL RE R LN FF B F ARG RA S LA

Subrouline SkipflLines)

This subraoutine skips tha indicating number of lines by
the place whare skip has been called from (i.e. many placas)

DO 0

[ntagar I.Lines

Do 10 [ = 1, Lines
Mrita(o, 119

1¢ Cantinue
it Farmat ("™ "}

Raturn
End

R R e R P P ES S E L L E TR EER PRSP PR LRSI EE LR EEE Y EEEELEEE TS
S e T P R P S E P P I LT RSP EEEPE LI EE R R R LR R

Subrouflina Prompt1l(Rasponse)

C
C This sudroutine Prompfs the user 1# he/she wants to input
c data to determine if fhe point of interest falls within
c any on2 of threa quadrilaterals.
c
Charactar#*i Raspaonse
Call Skipil}
Write(3, 33)
Write(3, 30}
Write (5, 57)
Call Skipil:
Read (S, 79! Response
1¢ Format(" "
353 Format(72, "Would you like to input same coordinates to )
Se Format{T2, 'detarmine 1f a point falls in an inputted ) )
S7 Farmat(72, ‘quadrilateral?®” Y/N ) J
7 Format (Al)
Raturn ]
end

[ A R R R 2 2 R Rt R R R L T E T PP PR T SRR R SR AT R R g e gr e e gege gy
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Subrautine Pramp:t2iRaspanse., InX¢coord., InYzoord)
c
c Thts subroutina Pramohs %ha user 1f he/she wants %o 1npuk )
c data %5 12t2rmin2 ¥ %he point gf 1nterest falls within 4
o any anz ¢f three quadrilaterals ¢ _og )
e
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Al ‘m Barihily A v
A S Ate AREAL AL Al A¥a sta dis Ahe-dse ade die fus des-Subntte-dan A RN Al ha AN line @A e e v~ u i mn “A VAR i * Mg "SR d R~ A0 S Bl e ~A e A
e ™ ”

o’.o‘;
ot el
y oo

-
o DS

pL -

Keal*8 InXcoord, InYcoord
Character*] Response

Ly
-t
bty e,

Call Skip(l)
write(5, 53)
Read(5, 89Y) Response
Call Skip(l)
If ((Response . EQ. “Y~) . OR. (Response . EQ. ~y~)) Then
write(l, 0l)
Write(l, Ol)
write(5, 97)
Read(3, 99) InXcoord
write(l, 95) InXcoord
Write(l, 01)
Wricte(5, 98)
Read(3, YY) InYcoord
write(l, 96) InYcoord
write(l, Ol)
Write(l, Ol)
Endif

>

¥

- W e g
bR

B - aol a2

e,

»
0
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"

A
P

o
Citatatalal e
f

A

o 0l Format(~ ~)
- 55 Format(TZ2, ~ Input a point to test?? Y/N 7)
o 89 rormat(Al)
- 95 Format(T2, ~Inputted X-Coordinate
. Y6 Format(T2, “Inputted Y-Coordinate
o 97 Format(T2, “Input X-coord: ~)

. 98 Format(T2, “Input Y-coord: ~)
O 99 Format(FY.4)

>, F9.6)
> ", F9.6)

Return
End
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£
HES —————m—m—m eemememe————
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
o
P '
4.0000 4.0000 OUT oUT
o 4.0000 1.0000 ouUT ouT
& 2.0000 3.0000 OUT OUT
6.0000 3.0000 out ouT
o 8.0000 3.0000 OUT OUT
N 5.0000 0.0000 ON THE LINE ON THE LINE
- 2.0000 7.0000 ouT ouT
.- 8.0000 7.0000 ouT ouT
~ 6.0000 2.0000 ouT OUT
-3.0000 4,0000 out ouT
-2.0000 7.0000 ouT ouT
43 0.0000 0.0000 CORNER CORNER
A 2.0000 0.0000 CORNER CORNER
4.0000 0.0000 CORNER CORNER
6.0000 0.0000 CORNER CORNER
10.0000 0.0000 ouT oUT
b 6.0000 8.0000 ouT ouT
) 3.0000 3.0000 ouT oUT
A 4.0000 6.0000 ouT oUT
o 7.0000 0.0000 ouT oUT
6.0000 4.0000 ouUT ouT
] 13.0000 0.0000 ouUT oUT
S 6.0000 7.0000 ouT ouUT
h 12.0000 0.0000 ouT ouT
=~ 0.0000 5.0000 OUT ouT
% 7.0000 5.0000 ouT ouT
%
¥
P}'
i
(3 o
c-27
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i QUADRILATERAL X-COORDINATE

N c-1 0.0000

o 2.0000
4.0000
6.0000

A |

CHECKING THE INPUT (X, Y) POINTS

A A oem anl aug Sdd-aa odl 2t e bd “alh- phde hat o n Rat g

Y-COORDINATE

0.0000
0.0000
0.0000
0.0000




Badh A I G i e s e s Be o e A 0 G S A hdiedl i

e

P

[

(_' . e
A3 QUADRILATERAL X-COORDINATE Y-COORDINATE 13
e
Lo &y
y c-2 0.0000 0.0000 6d
" 10.0000 0.0000
s 6.0000 8.0000 .
% 3.0000 3.0000 Qﬂ
;‘

V- CHECKING THE INPUT (X, Y) POINTS

» S e

% INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
e

4.0000 4.0000 IN IN

S 4.0000 1.0000 IN IN

- 2.0000 3.0000 ouUT OUT

5 6.0000 3.0000 IN IN
o 8.0000 3.0000 IN IN

o 5.0000 0.0000 ON THE LINE ON THE LINE

¢ 2.0000 7.0000 ouUT OUT

? 8.0000 7.0000 ouT ouUT

N 6.0000 2.0000 IN IN

" -3.0000 4.0000 ouT oUT

o -2.0000 7.0000 bliy OUT

< 0.0000 0.0000 CORNER CORNER

2.0000 0.0000 ON THE LINE ON THE LINE

- 4.0000 0.0000 ON THE LINE ON THE LINE
k.- 6.0000 0.0000 ON THE LINE ON THE LINE
- 10.0000 0.0000 CORNER CORNER
- 6.0000 8.0000 CORNER CORNER
' 3.0000 3.0000 CORNER CORNER c
’ 4.0000 6.0000 WwT ouT ;
- 7.0000 0.0000 ON THE LINE ON THE LINE "
o 6.0000 4.0000 IN IN R
4 13.0000 0.0000 T oUT b
i 6.0000 7.0000 IN IN "
by 12.0000 0.0000 T alipy
u 0.0000 5.0000 oUT oUT |
.. 7.0000 5.0000 IN IN :3
L
19]
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QUADRILATERAL X-COORDINATE : Y-COORDINATE
c-3 0.0000 0.0000
4.0000 6.0000
7.0000 0.0000
10.0000 0.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
2.0000 3.0000 ON THE LINE ON THE LINE
6.0000 3.0000 ouUT oUT
8.0000 3.0000 ouT ouT
5.0000 0.0000 ON THE LINE ON THE LINE
2.0000 7.0000 oUT ouT
8.0000 7.0000 ouT ouT
6.0000 2.0000 ON THE LINE ON THE LINE
-3.0000 4.,0000 ouUT ouT
-2.0000 7.0000 oUT OuUT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
4.,0000 0.0000 ON THE LINE ON THE LINE
6.0000 0.0000 ON THE LINE ON THE LINE
10.0000 0.0000 CORNER CORNER
6.0000 8.0000 ouT ouT
3.0000 3.0000 IN IN
4.0000 6.0000 CORNER CORNER
7.0000 0.0000 CORNER CORNER
6.0000 4.0000 ouT ouT
13.0000 0.0000 oUT ouT
6.0000 7.0000 OUT OUT
e 12.0000 0.0000 OUT ouT
o 0.0000 5.0000 oUT ouUT
7.0000 5.0000 ouT ouT
-_'). ﬂ
]
-':I:y ]
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QUADRILATERAL

CHECKING THE INPUT (X, Y) POINTS

INPUT X

4.0000
4.0000
2.0000
6.0000
8.0000
5.0000
2.0000
8.0000
6.0000
-3.0000
-2.0000
0.0000
2.0000
4.0000
6.0000
10.0000
6.0000
3.0000
4.0000
7.0000
6.0000
13.0000
6.0000
12.0000
0.0000
7.0000

INPUT Y

4.0000
1.0000
3.0000
3.0000
3.0000
0.0000
7.0000
7.0000
2.0000
4.0000
7.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4.0000
0.0000
7.0000
0.0000
5.0000
5.0000

X~-COORDINATE

0.0000
6.0000
13.0000
6.0000

RN aa - atn LA R BR-2ae 2 de ‘Al - an -

Y~COORDINATE

GENERATED RESULT

ON

ON
ON

ON

ON

ON

c-30

ouT

IN

ouT

IN

ouT
THE LINE

ouUT

ouT

IN

ouT

ouT
CORNER
THE LINE
THE LINE
CORNER
THE LINE

ouT

ouT

ouT
THE LINE
CORNER
CORNER

OuT
THE LINE

ouT

ouT

0.0000
4.0000
0.0000
0.0000

ACTUAL RESULT

ouT
IN
OouT
IN
ouT
ON THE LINE
ouT
ouT
IN
ouT
ouT
CORNER
ON THE LINE
ON THE LINE
CORNER
ON THE LINE
OouT
ouT
OUT
ON THE LINE
CORNER
CORNER
OUT
ON THE LINE
OuUT
ouUT
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QUADRILATERAL X-COORDINATE Y-COORDINATE
C-5 0.0000 0.0000
6.0000 7.0000
12.0000 0.0000
6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
4.0000 4.0000 IN IN
4.0000 1.0000 ouT ouT
2.0000 3.0000 ouT ouT
6.0000 3.0000 CORNER CORNER
8.0000 3.0000 IN IN
5.0000 0.0000 out ouT
2.0000 7.0000 ouT ouT
8.0000 7.0000 ouT ouT
6.0000 2.0000 ouT ouT

-3.0000 4.0000 0UT ouT

-2.0000 7.0000 ouT ouT
0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ouT ouT
4.0000 0.0000 ouT ouT
6.0000 0.0000 ouT out

10.0000 0.0000 ouT ouT
6.0000 8.0000 ouT ouT
3.0000 3.0000 IN IN
4.0000 6.0000 ouT 0ouT
7.0000 0.0000 ouT ouT
6.0000 4,0000 IN IN

13.0000 0.0000 ouT ouT
6.0000 7.0000 CORNER CORNER

12.0000 0.0000 CORNER CORNER
0.0000 5.0000 ouT ouT
7.0000 5.0000 IN IN

C-31
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5‘? QUADRILATERAL X-COORDINATE Y-COORDINATE

4

’ C-6 0.0000 0.0000
0.0000 5.0000
7.0000 0.0000
7.0000 5.0000

CHECKING THE INPUT (X, Y) POINTS

—— o 0 e e o — e e e e i e e s,

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
4.0000 4.0000 oUT oUT

i 4.0000 1.0000 OuUT OUT
358 2.0000 3.0000 IN IN
o 6.0000 3.0000 IN IN
SN 8.0000 3.0000 ouT ouT
~ 5.0000 0.0000 oUT OUT
9 2.0000 7.0000 OUT OUT
o 8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN
b -3.0000 4.0000 ouT oUT
19 -2.0000 7.0000 oUT oUT
o 0.0000 0.0000 CORNER CORNER
. 2.0000 0.0000 oUT OUT
iR 4.,0000 0.0000 oUT OUT
v 6.0000 0.0000 oUT oUT
- 10.0000 0.0000 oUT oUT
6.0000 8.0000 oUT OUT
. 3.0000 3.0000 oUT oUT
2 4.0000 6.0000 ouT ouT
S 7.0000 0.0000 CORNER CORNER
e 6.0000 4.0000 IN IN
A 13.0000 0.0000 oUT oUT
e 6.0000 7.0000 ouT ouT
A 12.0000 0.0000 ouUT ouT
P 0.0000 5.0000 CORNER CORNER
R 7.0000 5.0000 CORNER CORNER
23
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CHECKING THE INPUT (X, Y) POINTS

——

4.0000
4,0000
2.0000
6.0000
8.0000
35,0000
2.0000
8.0000
6.0000
-3.0000
-2.0000
0.0000
2.0000
4,0000
6.0000
10.0000
6.0000
3.0000
4.0000
7.0000
6.0000
13.0000
6.0000
12.0000
U.0000
7.00Vu

4.0000
1.0000
3.0000
3.0000
3.0000
0.0000
7.0000
7.0000
2.0000
4.0000
7.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4.,0000
0.0000
7.0000
0.0000
5.0000
5.0000

———— e o o e e o e

0.0000
10.0000
6.0000
2.0000

—— e o o o

—— > ——

IN
IN
IN
IN
IN
ON THE LINE
ouT
ouT
[N
ouT
ouT
CORNER
ON THE LINE
ON THE LINE
ON THE LINE
CORNER
CORNER
I
ON THE LINE
ON THE LINE
IN
ouT
IN
ouT
ouT
LN

0.0000
0.0000
8.0000
4.0000

IN
LN
IN
N
ON THE LINE
ouT
OUT
IN
ouT
out
CORNER
ON THE LINE
ON THE LIsE
ON THE LINi
CURNER
CORNER
IN
O THE LINE
ON THE LINE
IR
OUT
IN
OUT
out
I
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“his praogram accaphs the
and determin2s whather or
autside tha

Aigorithm designad by:

varticies of a 4~sided quadrilataral
not a given point lies inside or
r;;ure.

Frad Lesh, J. P.L.
Mick Cavella, J.P. L.
January, 1985

Implamnanted bhy:
Datad:

Intager Quadcntr, Inde2x, Flag, NoOfSideas

Real#Z Sigma, Temp, X, Y, U(8},V(8), NoO*Enclosures

Real#3 S(2), InX(3.8), In¥(3,8), Tmp(3),Delta(8) Epsilon
Cnaractars+l Ansu, Resp

Data Quadcntr, Epsilan, Ned#Sides /C, 0. CO0L, 4/

Open(Unit=1,File="Freds. Dat’ ,Status=‘New’)
Open(Unit=2.File="Pts. Dat” :Status=‘01ld ")
OJpan(Unit=4,File='FredRes. Dat’, Status='01ld ")
Dpen(Unit-u,lee— Test. Cat” s Status='01d ")
Quadcntr GQuadecntr + 1

- LN T e . g S Lol pon R o iR tm Bl Sl T et i Bl Ml -l Ak et ek bt AneAnk Bath el Aol e | |

&L

oL

e I

e
o

-~
v

[ aad

Indax =

Do Whilae (Inde
Writall, 01)
Writs(S, 99
Writa(i, 79
Read (2,97
Writs(i, 97}
Writa(i O1)
Writs (S, 98
Writa(l, 728
Read (2,97
Writa(l, 27}

.LE  NodfSides)

Index, CGuadcntr
Index, duadentr
In¥(Quadcntr, Index)
In{(Quadzntr, Index}

Index, Quadcntr
Index, Quadcntr
InY(Guadcntr, Index)
InY(Quadentr, Index)

Indax = Index + 1

End do
NoQ+¥kEnclaosures
Writei{l. QL)
Writei{l, 24&)
Read (3, 97
Writai(l. 97y X
Writel{l, O1)
Write(l, 95}
Read (3,973 VY
Write(l,97) VY
Index = 1
U(Quadantr)
Yt Quadacntr)

>

Sigma =0

Tmp (Quadecntr) = Scalc(U(Quadcntr). ViQuadcntr))

Flag =1

Index = 2

Writei3, 31) X. ¥

Format(72, "Testing goint [ ', FS 2. /,FS5 2, ] ssadawaatss:

=0

InX(Quadecntr, Index) - X
InY{Guadentr, Index) -V

Do While t(Index LE. 37 AND <(Flag EG 1))
I# (Index . EQ. S5) Thean
[ndex = 1
Fiag =0
Endif
Ullndex) = InX(Quadecntr, Indax) - X
Y(Iniax) = [nY(Guad:cntr, Indax) - VY

I[# twdiIndex? EJ 0} AND.

(ViIndex) . EQ.

c-34
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a3
90
71
72
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Sigma = &

GO0 TO 11
Endif
S{{ndez) =
Temp
If (Abst{Temp:

Elze If (Temp

.Lf. (8 - Epsilon))
Deltal(iIndex) =

ScalciU(Index),Vi{Index))
= S{Index)

- Tmp(Quadcntr)
Then
Temp

Lf. (=4 - Epsilon)) Then

Deltai{Index) = Temp + 8
El<e If (Temp .GP. ( 4 + Epsilon)) Then
Delta(Index) = Yemp - 8
Elsze
Sigma = 3
GGTO 1t
End if
Tmg (Quadcnir? = S{index)
Sigms = Sigma + Delta(Index)
Index = Index + 1
End do

NoOFEncl,sures =
Writel3, 94
ur.te(1,013
Writel(l, 94>
If# (NoilfEnclosures
Writei(5, 43)
Writeil,01)
Write{(l.43)
Else
Write(95, 43)
Write(l,01)
Writeil, 844)
Endif
Write(5,01)
Write!s,293)
Writetl,O1)
Writel(l, 933}
Read(4, ?2) Ansuw
Write(l,792) Answ
i1f (tAnsw EQ. 'y’
G0 f0 20
Else
Close(Unit=3)
Write(5, 21)
Writeil,01l)
Writei(l, i)
Read 3,30,
Write(l., 90)
If ((Resp EAQ.
GO TO 30
Endif
Endif
Frint #, 'Normal
Format(Ta, '~ ')
Format!(T2

Farmat(Ta. 'Point
Formatinl)
~Formati{Tz., Mcre

Formati{Aal:

Format!(TZ, More

»
- "

’

)

Resp
Resp

, ‘Point 1s
15 QUT

test points ™

)

y’) OR.

NINT(ABS(5igma/8))
NoQfEnclosures

NoOfEnclosures
LT 0
Quadcntr

Then

Quadcntr
QJuadcntr

Quadcntr

.0OR. (Answ . EQ 'Y’'))

(Resp EQ ‘Y'))

completion of program ’

IN quadrilateral 8'.11)
of quadrilateral #°,

quadrilaterals™™ )

"1¢-35

‘q-‘

- -.-. .". .

Then
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Formazi{7T2, ‘Value of Enclasures ==}
Format(T3, "Input Y value
Format (T2, "Input X value
Farmat{ri3. 4:

Format{T2, 'Input y—-coord
Format(T2, ‘Input x-coord
Stop

End

‘v F15.13»
for the point in question. ')
far the point in question. /;

#’l Ill Tl‘?l ,OF
#, 11,719, ‘of

quad &', I1)
quad #’,I1)

e TS SR S E R LR R P R LR R R R I E L R R T2 R R R R T R R N R
e R e ST L L e R S R R R R Ry 2 L R R TR P AR S L R R

Real#8 Funcftion Scalc (U, W)

This #functicon returns the distance around the unit
the size be2ing a 1 x 1 square)

square (i.e
in @ counter clockwise manner

Real#g U, V

I# ((ABS (V)Y . GE. (ABS{UY)Y _AND. (V . GT. O} Then
Scals = 1 - (UsV)

Else [+ ((ABS{U} .GE. (ABS(V))Y)Y . AND. (U .LT. 0)) Then
Scalec =2 + (V/U)

Else I+ ((ABS(V)Y . GE. (ABS(UX))Y . AND. (V . LT. 0)) Then
Scalg = 5 - (U

Else If (ABS(U)Y .GE. (ABS(V))) _AND. (U .GT. 0)) Then
Scalec = 7 + (V/Us

gEnd if

Return

End

B L LR DL R e R R Ry L R 2. £ X X X R R SR R A g e G R e STV A Sy
CHARSFBILL AL AL SRR LA RSP PFFR RS A FEEF A S ST B % F I3 6+ B4
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QUADRILATERAL X-COORDINATE Y-COORDINATE
T
3 c-1 0.0000 0.0000
. 2.0000 0.0000
5 f} 4.0000 0.0000
"2 6.0000 0.0000
BN CHECKING THE INPUT (X,Y) POINTS
} N emmemememe e
&3 INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
¢ §§ 4.0000 4.0000 OUT oUT
ot 4.0000 1.0000 ouT ouT
o 2.0000 3.0000 ouT ouT
o 6.0000 3.0000 ouT ouT
R 8.0000 3.0000 ouT oUT
y 5.0000 0.0000 IN ON THE LINE
O 2.0000 7.0000 OUT ouUT
s 8.0000 7.0000 oUT ouT
6.0000 2.0000 ouT ouT
- -3.0000 4.0000 OUT ouT
' ‘i -2.0000 7.0000 OUT oUT
. 0.0000 0.0000 IN CORNER
‘- 2.0000 0.0000 IN CORNER
S 4.0000 0.0000 IN CORNER
Y 6.0000 0.0000 IN CORNER
\ 10.0000 0.0000 ouT ouUT
’I 6.0000 8.0000 ouT ouT
" 3.0000 3.0000 ouT OUT
. 4.0000 6.0000 ouT ouT
L 7.0000 0.0000 ouT oUT
T 6.0000 4.0000 OuT ouT
K 13.0000 0.0000 ouT ouT
. 6.0000 7.0000 ouT ouUT
1 SE 12.0000 0.0000 ouT oUT
i 0.0000 5.0000 OuT ouT
- 7.0000 5.0000 ouT ouT
.:,;
o
o
I
B
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b o
. o
. QUADRILATERAL X-COORDINATE Y-COORDINATE N
c-2 0.0000 0.0000 o
10.0000 0.0000 .
6.0000 8.0000 =
3.0000 3.0000 s
ﬂ =z
N CHECKING THE INPUT (X, Y) POINTS i
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT kY
f 4.0000 4.0000 IN IN o
2 4.0000 1.0000 IN IN .
[ 2.0000 3.0000 oUT ouT
] 6.0000 3.0000 IN IN -]
[ 8.0000 3.0000 IN IN o
‘ 5.0000 0.0000 IN ON THE LINE
I 2.0000 7.0000 OUT ouT -,
. 8.0000 7.0000 oUT oUT =
- 6.0000 2.0000 IN IN
: -3.0000 4.0000 OUT ouUT .
! -2.0000 7.0000 ouT ouT &
0.0000 0.0000 IN CORNER b
3 2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE o
: 6.0000 0.0000 IN ON THE LINE o
. 10.0000 0.0000 IN CORNER
6.0000 8.0000 IN CORNER -
3.0000 3.0000 IN CORNER -
4.0000 6.0000 OUT OUT -
4 7.0000 0.0000 IN ON THE LINE .
& 6.0000 4.0000 IN IN .
. 13.0000 0.0000 oUT ouUT B
6.0000 7.0000 IN IN
12.0000 0.0000 OUT oUT b=
& 0.0000 5.0000 oUT oUT -
: 7.0000 5.0000 IN IN
:
. AR
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- QUADRILATERAL X-COORDINATE Y-COORDINATE
3 ' c-3 0.0000 0.0000
S 4.0000 6.0000
NS 7.0000 0.0000
) 10.0000 0.0000
) !! CHECKING THE INPUT (X, Y) POINTS
i (.‘: _________ L me—————— -
N INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
" -
oo 4.0000 4.0000 IN IN
ot 4.0000 1.0000 IN IN
) 2.0000 3.0000 IN ON THE LINE
W 6.0000 3.0000 ouT oUT
2 8.0000 3.0000 ouT oUT
5.0000 0.0000 IN ON THE LINE
(= 2.0000 7.0000 ouT ouT
' 8.0000 7.0000 ouT ouT
: 6.0000 2.0000 IN ON THE LINE
o -3.0000 4.0000 ouT OUT
|| -2.0000 7.0000 ouT ouT
- 0.0000 0.0000 IN CORNER
. 2.0000 0.0000 IN ON THE LINE
s 4.0000 0.0000 IN ON THE LINE
. 6.0000 0.0000 IN ON THE LINE
10.0000 0.0000 IN CORNER
l.‘ 6.0000 8.0000 ouUT ouT
. 3.0000 3.0000 IN IN
. 4.0000 6.0000 IN CORNER
-y 7.0000 0.0000 IN CORNER
s 6.0000 4.0000 ouT oUT
. 13.0000 0.0000 ouT ouT
- 6.0000 7.0000 ouT OUT
. 12.0000 0.0000 OUT ouT
T 0.0000 5.0000 ouT OUT
7.0000 5.0000 ouT ouT
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QUADRILATERAL X-COORDINATE Y-COORDINATE "
o
C-4 0.0000 0.0000 -
6.0000 4.0000
13.0000 0.0000 s
6.0000 0.0000 o
CHECKING THE INPUT (X, Y) POINTS =
INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT =
4.0000 4.0000 OUT ouT -
4.0000 1.0000 IN IN 7
2.0000 3.0000 OUT oUT
6.0000 3.0000 IN IN .
8.0000 3.0000 ouT ouT -3
5.0000 0.0000 IN ON THE LINE -
2.0000 7.0000 oUT oUT N
8.0000 7.0000 ouT OUT o
6.0000 2.0000 IN IN o
-3.0000 4.0000 ouT oUT
-2.0000 7.0000 oUT oUT 40
0.0000 0.0000 IN CORNER iﬂ
2.0000 0.0000 IN ON THE LINE
4.0000 0.0000 IN ON THE LINE .-
6.0000 0.0000 IN CORNER ‘.
10.0000 0.0000 IN ON THE LINE o
6.0000 8.0000 ouT oUT _
3.0000 3.0000 ouT OUT (3
4.0000 6.0000 oUT OUT P
7.0000 "0.0000 IN ON THE LINE
6.0000 4,0000 IN CORNER 3
13.0000 0.0000 IN CORNER )
6.0000 7.0000 ouT ouT
12.0000 0.0000 IN ON THE LINE o
0.0000 5.0000 ouT ouT e
7.0000 5.0000 oUT ouT h
he
&
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i QUADRILATERAL
c-5
2
v
- CHECKING THE INPUT (X, Y) POINTS
£ e
i INPUT X INPUT Y
- e
- 4.,0000 4.0000
4.0000 1.0000
e 2.0000 3.0000
S 6.0000 3.0000
8.0000 3.0000
(- 5.0000 0.0000
i 2.0000 7.0000
’ 8.0000 7.0000
6.0000 2.0000
A -3.0000 4.0000
-2.0000 7.0000
0.0000 0.0000
S 2.0000 0.0000
e 4.0000 0.0000
h 6.0000 0.0000
10.0000 0.0000
‘ 6.0000 8.0000
by 3.0000 3.0000
4.0000 6.0000
% 7.0000 0.0000
ed 6.0000 4.0000
13.0000 0.0000
- 6.0000 7.0000
i 12.0000 0.0000
- 0.0000 5.0000
. 7.0000 5.0000
rh
)
(=
W%
Eg
J:i
‘f-
8
O T L R R R T Ot R LN
LA o O ot R S O AR S s Al AL+

X-COORDINATE

0.0000
6.0000
12.0000
6.0000

Y-COORDINATE

0.0000
7.0000
0.0000
3.0000

GENERATED RESULT

o s e a2 s B e

IN
ouT
ouT
IN
IN
ouT
ouT
ouT
ouT
ouT
OUT
IN
ouT
ouT
ouT
ouT
ouT
IN
ouT
ouT
IN
ouT
IN
IN
ouT
IN

ACTUAL RESULT

IN
ouUT
OouT

CORNER

IN

ouT
ouT
ouT
ouT
ouT
OUT

CORNER

ouT
ouT
ouT
ouT
ouT
IN

ouUT
ouT
IN

ouT

CORNER
CORNER

ouT
IN

.
----------

Bl B AN '.1




QUADRITATERAL

Cc-6

H Tt T B 1

INPUT X

5 SR

. 4.0000
k. 4.0000
\ 2.0000
2 6.0000
w : 8.0000

5.0000

2.0000
& 8.0000
M 6.0000
Y ~3.0000
" ~2.0000

0.0000
: 2.0000
) 4.0000
& 6.0000
: 10.0000

6.0000
; 3.0000
d 4.0000
18 7.0000
o 6.0000
" 13.0000
L 6.0000
L 12.0000
0.0000
7.0000

W

SLTREREATARAS

A EXE

L e e S e e e b

Lehh o, PRy, "--’w\

"."! DA R - A’A"kgh. .w

CHECKING THE INPUT (X, Y) POINTS

INPUT Y

4.0000
1.0000
3.0000
3.0000
3.0000
0.0000
7.0000
7.0000
2.0000
4.0000
7.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4.0000
0.0000
7.0000
0.0000
5.0000
5.0000

X-COORDINATE

- et
" AL

0.0000
0.0000
7.0000
7.0000

GENERATED RESULT

C-42

NS
» N
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ouT
ouT
IN
IN
ouT
oUT
ouT
ouT
IN
ouT
OouUT
IN
ouUT
ouT
ouT
ouT
ouT
ouT
ouT
IN
IN
ouT
ouT
ouT
IN
IN

e 4
.n" J"*(‘

Y-COORDINATE

\\

.0.

0.0009 b
5.0000 ]
0.0000 .
5.0000 &
=
ACTUAL RESULT ;
oUT §2
ouT %)
IN
IN ‘
OUT §§
ouUT
ouT -
I-\‘
ouT e
IN .Y
OUT .
ouT oY
CORNER C
ouT "
ouUT 9
ouT I
oUT
ouT -
oUT :
OUT =
CORNER )
IN .
ouT B
ouT
ouT o
CORNER ¥a
CORNER
L
=
-
£
1]
i}
S AN R w-o« XY

.f‘-




i QUADRILATERAL X-COORDINATE Y-COORDINATE
c-7 0.0000 0.0000
T 10.0000 0.0000
Lo 6.0000 8.0000
| 2.0000 4.0000

CHECKING THE INPUT (X, Y) POINTS

S ——————— ——————
e INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
-
Y 4.0000 4.0000 IN IN
- 4.0000 1.0000 IN IN
2.0000 3.0000 IN IN
o 6.0000 3.0000 IN IN
-> 8.0000 3.0000 IN IN
5.0000 0.0000 IN ON THE LINE
&' 2.0000 7.0000 ouT ouT
Fo 8.0000 7.0000 OUT OUT
6.0000 2.0000 IN IN
SAEE -3.0000 4.0000 OUT OUT
i 8 ~2.0000 7.0000 OUT ouT
-~ 0.0000 0.0000 IN CORNER
A 2.0000 0.0000 IN ON THE LINE
1 4.0000 0.0000 IN ON THE LINE
‘ot 6.0000 0.0000 IN ON THE LINE
. 10.0000 0.0000 IN CORNER
’ 6.0000 8.0000 IN CORNER
3 3.0000 3.0000 IN IN
4.0000 6.0000 IN ON THE LINE
. 7.0000 0.0000 ° IN ON THE LINE
. 6.0000 4.0000 IN IN
: 13.0000 0.0000 ouT OUT
. 6.0000 7.0000 IN IN
A 12.0000 0.0000 OUT oUT
5 U 0.0000 5.0000 oUT OUT
7.0000 5.0000 IN IN
¥
-
‘. Y
-
kY
o
B

- ﬁ c-43
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PROGR &M HANDEDNESS (INPUT, CUTPUT. PTS, TESTPTS, MESS, RESPONSES) |

LABEL 49, 70

AT e TS TV ST e T R

el A

TYPES
SEYTINGS = RECGRD
ZERO : INTEGER;
PAOS . INTEGER;
NEG  INTEGER:
N& o INTEGER;
END:
POINT = RZCOND
) VI { REALI
END;
FLAG = (NEZG, POS, ZERQ, NOTAPP);
PNTaRRAY = ARFEAYLL. 41 OF POINT.
HFASTRAY = &RSAVILL. . 4] OF FLAG;
FIs3 = (CONVEX, CONCAVE, TRIANG, TRIRAY., BOWTIE, INVaLID, LINE):
VAR
Il Je K INTEGER:
CASZCONDITION INTEGER:
WRONGSIGN, QC, P INTEGER;
IMDEX INTEGER;
POTMTL, POINT2 INTEGER,
DETERMINANTVALUE REaL;
MOR- WORK BODLEAN;
RESP, ANSW CHaR;
SETCHARS SETTINGS:
SETCHARIOLD SETTINGS,
AMIINT . POINT;
P . PNTARRAY:
HFLAG ¢ HFARRAY;
FIGURE, TESTFIG FIG;
TS, TESTPTS, MZSS TEXT:
RESPONSES TEXT:
PROCEDURE DUMD (HF HEARRAY; PNT PNTARRAY: SETCHARS SETTINGS: ©T PCINT
VAR
I . INTeEGER:
BEGIN
WRITELNC IN DUMP 7 ),
WRITELN( ‘~mr e e e e “y,
WRITELN( POINT # X=COORD Y-COORD HFLAG ).
WRITELN( /e e “y,
FOR I =1 T3 4 DO
BEGIN
WRITE( LI 2. PCIT. X. &3, 7 SPLIT Y &30
WRITELN( Y SHFLAGLI T,
END;
W L TE LN mm e e e e e e e e )
WRITELN( PINPUT (=-COORD ==>» “,PT. X. & 3, ° INPUT Y-CQOORLD == "',PT Y = 3!
WRITELN! == e e e e e e e e e )
WRITELNC "ZIERQ SETTING > 7, SETCHARS ZERG. 2).

WEITELN( 'NEGATIVE SETTING

WRITELNG ‘POSITIVE SZTTING

WRITELN( 'M3T APP SZTTING
EPJDI

oy ouu
A

PROCEZURE INITIALIZE(VAR PNT
VAR

[ © INTEGER.
BESIN

‘) SETCHARS. NEG: 27,
‘. SETCHARS P05 2,
"« SETCHARS Na& . 20,

PNTARRAY)Y,

C-44
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FOUR I := 1 70 4 DO

BEGIN

FNTLIJ. X := 0. 0;
xy PNTIIJ. Y := 0. 0;
[ END;

A i END;

- PROCETURE INIT(VAR HF : HFARRAY, VAR SETCHARS : SETTINGS);
e VAR
o I . INTEGER:
e BEGIN
e FR I :=1 TO 4 DO
i HFLI1 : = NOTAPP;
S SETCHARS. (ERO : = O;
Py SETCHARS POS <= O,
. SETCHARS. NER  : = O;
ol 1ol SETCHARS. NA = 0;
A END;
P8 ©Y FUNCTION SPECIFYFIG(HF : HFARRAY; SETCHARS @ SETTINGS: VAR J © INTEGER) = FI3:
vy - VAR
3&‘) I : INTEGER;
T4 BESIN
WY IF ((SETCHARS.NEG = 4) OR (SETCHARS. POS = 4)) THEN
S BEGIN
L . SPECIFYFIG .= CONVEX
: , END
L 2 ELSE
1d IF ((SETCHARS. ZERO = Q) AND
!ﬁ, ({SETCHARS. POS > 2) OR (SETCHARS. NEG > 2))) THEN
ki ﬁi BESIN
IF (SETCHARS. NES = 3) THEN
N BEGIN
i FOR I := 1 TD 4 DO
U IF HFCT1 = POS THEN
S J o= 1;
", END
) 5 ELSE
K IF (SETCHARS. PO5 = 3) THEN
ad BEGIN
PO 12 FOR I =1 TO 4 DO
bt bj IF HF{1J = NEG THEN
':;‘1. ‘ J =1,
Py END
oY M ELSE
MR WRITELN/ ' DUMMY * )
W SFECIFYFIG : = CONCAVE;
», e END
R ELSE
A K% IF (SETCHARS ZERO = 1) THEN
. BEGIN
‘T FOR 1 .= 1 TO 4 DO
At IF HFLIJ = ZERO THEN
i\: J L= Il
s IF ({SETCHARS NEG = 2) OR (SETCHARS. PGS = 2)) ThHEN
./'Eg SPECIFYFIS = TRIRAY
. ELSE
KL+ IF ({SETCHARS NEG = 37 OR (SETCHARS. PCS = 33) TREN
e SPECIFYFIG ' = TRIANG;
Y END
: ' ELZE c-45
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* .
s IF ((SETCHARS.NEG = 2) QR (SETCHARS. POS = 2)) THEN :
, SPECIFYFIG : = BOWTIE "
3 ELSE .
2 IF (SETCHARS. ZERQO = 4) THEN -
» SPECIFYFIGZ := LINE -
ELSE

by SPECIFYFIG = INVALID; X
: END; ;
ed
;; FUNCTION DETERMINANT(PL.P2,P3 : POINT) : REAL; -
( VAR .
- TMP1, TMP2. TMP3 , TMP4 : REaL; 1
i, BEGIN

- TMPL (= Pi. X # (P2.Y - P3.Y); .
Vg TMP2 = P2.X » (PL.Y - P3.Y); o
e TMP3 := P3. X # (P1.Y = P2.Y);

Lo TMP4 = TMFL - TMP2 + TMP3;

o DETERMINANT = TMP4; i
&": END; 3
- PROCETURE LOADPIINT(VAR TEST : POINT); T
s BESIN 3
D WRITELNC ‘EMTERING LOADPOINT‘ i :
- EADLM( TESTPTS., TEST. K ‘
N WRITELN(MESS, ‘ENTER X~CDORD TGO BE TESTED === *, TEST X: & 3): ¢
'Y READLN( TESTPTS, TEST Y ).

, WRITELN(MESS, ‘ENTER Y-COCORD TO BE TESTED === ‘, TEST.Y: & 3).

N WRITELN( ‘LEAVING LOADPOINT' ); 3
W END; K
L PROCEDURE LOADFIGURE(VAR PNTS : PNTARRAY ) ]
‘N VAR

I . INTEGER;

) BEGIN

t FOR I := 1 TO 4 DO
K- BEGIN
) READLN( PTS, PNTSCII. X )i

e WRITELN( MESS, 'ENTER X~COORD OF POINT #7,1:2, ° === ¢, PNTSLI] X & 3,
5 READLN( PTS, PNTSCII. VY ), %
= WRITELN(¢ MESS, 'ENTER Y-COORD OF POINT #/, 1.2, ' ===> -, PNTSCI1 Y & 3!, =
- END;

E} END: :.

V

‘_Cf- PROCEDURE LOADHFLAGARRAY( 1 . INTEGER; DVAL: REAL; VAR HF = HFARRAY ). o
> BEGIN
e I7 DVAL < 0.0 THEN N
T HFLI1 = NEG ~
- eLSE

- IF DVAL = Q.0 THEN .
o HFCI1 .= ZERD .
Lo ELSE

e IF DVAL > 0.0 THEN
. HFCIT1 = POS :
- ELSE ]
I HFCI1 = NOTAFP;

-i: END: .
W ;
) PROCZLURE CALCULATESETTINGS: J - INTEGER, HF = HFARRAY: VAR SC  SETTINGSS,

/o 3EGIH

4 CASE HFLJ1 oF )
-y e = 130 . 3
B POS SC. PQOS = 3C POS + L., 3
{7

% e
3y,

5 g
» i ) " ‘- AL RN AR P PR D T D N R By B Tyt 0 ‘ YL 0L 71 .
ARG ‘:q‘,h ,'uu‘.h .!&.E"‘.I .l‘t’l‘-' .':‘. i& ""." * AN fn ‘fh,-' 5,‘ VR 5 o 789) ‘W \ T RN ‘f“(
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PROCLIWURE COMFARE A, B3
BESIN

FUNCT (ON POINTIMNOTHERI(VAR I

PIIINTINOTHER = TMR;

END;

Iim (LA 2RO - O) AND

INTEGER:; SC

NEG . 3&.NEG = 3C. NEG + .
ZERQ . 8C. ZERQ = SC. ZERC + &
NCGTARPP : SC. NA = 3C.NA +
END;
END;
FUMC I TON POINTINCONVEX (ST SETTINGS) INTEGER:
"VAR
Fi. F2, F3 BACL.EAN;
BESGIN
Ft .= FALSE:
F2 .= FALWE,
Fi .= FALSE,
I ({(SC PUS = 4) OR (SC. NEG = 4)) THEN
Fi .= TRUE:
IF ¢(SC. PUS = 3, OR (SC NEG = 3J) THEN
F2 = TRUE:
IF ((SC P15 = 2 OR (SC. NEG = 2)) THEN
F3 := (RUE,
CH3E SC. ZERDC CF
0 : IF F1 THEN
POINTINCONVEX = 1
ELSE
POINTINCONVEX = 4,
1 : IF F2 THEN
PIIINTINCONVEX = 2
ELSE
POINTINCONVEX = 4;
e IF F3 THEN
POINTINCONVEX = 3
ELSE
POINTINCONVEX := 4;
OTHERWISE POINTINCONVEX = 4&;
ENDs
END;

SETTINGS)

{5, NEG > 0)) THEN

VAR
TMP : BOOLEAN:
BESIN
TMP . = FAISLE,
IF ({SC. P1IS 2 01 AND
I = 4
.5
IF SC. /Ex0 = 2 THEN
I =1
ELSE
™P - = (RYE;

SEFTINGS: VAR J

({A PNS = 3) OR

OrR (A ZERC = 1) AND (3 ZERO = 1))

INDEX = 4
Ci.3E
IF A IRRDO : 2 THEN
INDE X 3
FLSE

INTEGER ),

(A.NEG = 3)))
) THEN

,w"J'wnwF1whH'uH‘!HW!“!N!HHH!HHH'HH!H!1N!HHHHWFvaﬂrnw'nvrrvfﬁw*an

BOOLEAN;

S A
! ;ﬁxﬁxﬁiﬁﬁ&'{s{i
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b7 IF ((A ZERD + 5. ZZRJ = 1) AND ’
o ({A.POS = 2) OR (A.NEG = 2))) THEN

A INGEX = 2 .
= ELSE Q
2 INDEX : = 1 :
{2 END; |
- FUNCTION POINTINTRIANGS{SC : SETTINGS) INTEGER; J
' BESIN

hd I[F ((SC.2ZZRO = 1) AND ((SC.POS = 2) OR (SC.NEG = 2)3) THEN ;
' jD NTINTM LHNGS L= 2 .
b FLSE :
29 IF (SC. ZZRO = 2) TIEN

N POINTINTRIANGS = 3

EL3E A

o IF (((SC.POS = 3) OR (SC.NEG = 3)3 AND (SC. ZERQ = Q}) THEN

5 POINTINTRISNGS = 1

o ELsE .
- POINTINTRIANGS = 4; :
R END;

b= PRICTIURE QUTPUTMESSAGE ¢ INDT X INTEGER:, P : POINT); !
:-:': 6._-;_&) '
v CASE INDEX OF )
o £ BEGIN 2
‘e WRITELN('THE POINT C/,P. X:6:3, %, *,P.Y:6:3./1 IS IN THE FISURE. '/, &
& WRITE(MESS, ‘THE POINT L/ P. X 6:3, /v 1P Y & 3);

3 WRITEZLN(MESS, ‘1 IS IN THE FIGURE. '),

-3 END; A
o 2 : BFGIN .
-1 WRITE('THE POINT C*,P. X:6:3, 7, “,P.Y:4:3, '] IS ON"), ,
o\ WRITELN(‘ THE BOUNDARY OF THE FIGURE. /)i 3

“FITE(MESSI ITHE PE)INT [’:P.X;é:?u Io ,»P.Y'.é'.av ;] IS DN/).

o WRITELN(MEZS, ¢ T!HE BOUNDARY OF THE FIGURE. ‘)i

gy END; .
- 3 BEGIN .
333 WRITEC('THE POINT €7/ P.X:6:3, 7, “/P.Y:6:3, 1 IS ON"); )
e WRITELN( Y THE VERTEX OF THE FIGURE. 7);
®) WRITE(ME3S, ‘THE POINT C/ P X:6:3, ‘. “,P.¥:46:3, 71 IS ON),

- WRITELN(MEIS, ’ THE VERTEX OF THE FIGURE. ’); ,
Wi END,
K., 4 - BEGIN .
' WRITE('THE POINY C/ P . X:6:3, 7, “,P.¥:46:3,'1 IS OQUT ", 3
i WRITELN(/OT THLS FIGURE. ') s
' WRITE(MESS, 'THE POINT C/ P X: 6.3, /., ,P.Y:4:3, 71 I3 0OUT ‘1.
L0 WRITELN(MESS, ‘OF TIIIS FIGURE. ‘) !
1> END; h
" OTHERWT SE WRITELN(MESS, ‘ERROR ‘).
:‘ ™MD .
L~ EMD; -
[n Ty
o PROCFTUNE CALCIETERMINANT (VAR HE . HFARRAY, VAR SC . SETTINGS, I INTEZGER,

% P1, P2, P3 : POINT, VAR DVAL REAL ), .
2 GI5IN N
0 SvAL = DOTERMINANT (P, 72, P3);
N LOARHFLAGERAY (1, DVAL, HTY .

v CALCULATESETTINGS ([ HF, SC

i EnD,
% DEGTH (s MAIN +.

e MESP = c-48 ‘
s

AN
) e

L LIS
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N
R
L%
.-'1 . -
L .
r AMSW = 'Y
\ QG = 0

ACWRITE(MFZE);

RESETIPTS

KESET(RESHFONGHSG;
REFEAT
G - 3C + 1,
RESCTI{TESTRTS)
EC o )
INITE(ALIZESP Y
L.OADF ICURE{P}:

RERPLCAT
P, o= PC o+ t;
WRIMELN( ' ——————s e ‘.
WRITELNIMEDSS);
WHITELNI(MEDSS, 'CHFCKRING QUADRILATERAL # ‘., GC: 2 ),
WEITELNG'CHECKRING QUADRILATERAL # /., QC: 2 ),
WHIVELNC 'CHECKING POINT # /., PC:2 )
WRIIELN{' ==~ me e ———— e ‘3,

IMIT(HFLAG, SEVCHAES),

IHIADPOINT . APIINT )

(# DUMPIHFLAG, P, SETCHARS, APQINT ), #)
Fidk I =1 O 8 D13

BESIN
o= 0L o+ U
IF U = 5 THEN
v
K= J+
I¥ R 3 (HEN
; 1

Kooz 1
CALCDETFRMINANT{HFLAG, SETCHARS, 1. PLIJ, PLJIY. PLRK].
DETERMINANTVALUE),
END:
(+DUMPB (HF1 AG, P, SETCHARS, APOINT); #)
WRONGIIGN = $5;
TESTFIZ .+ SPELIFYF{G(HFLAG, SETCHARS, WRONGSIGN),
WROMGSISN : = WRNANCSIGN + 1;
PUINTL = WRONGSICN:
IF WRONGSISEN = 3 THEN
POINTZ = WRONGSIGN - 2

n £ 5e
o PUINTZ = WRONGSIGN + 2;

g L CASE TESTFIG OF
NS CONVEX -~ BEGIN
- . WKITELN( ‘CONVEX CASE' ),
E gi FIR I = 1 TO 4 DO

o BEGIN

ﬁh " o= 1o+ L

g IF U = 5 THEN
S J =1,
o CALCDETERMINANT (HFLAG, SETCHARS. 1. PCI3. 823,
% APOINT, DETERMINANT vALUE 1,
~ (o

b END;
%,; . Ui PUTMESSAGE (POINT INCONVEX (SETCHARS 1. aPQINT Y,
a & END;

: SIINCAVE  BEZIN

$§ WRITEIN{ 'CONCAVE CASE '),
VD I+ WRONGSIGN = 5 THEN

%~'§5 WRIINGSIGN .= 1,

0 NUMB (HFLLAG, P, SETCHARS, ARPQINT) .

1y

Wy C-49
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m‘\1 LAt Ane a-a 4 ue AEmiAnn aen b a b ds

-3

- A
3 IMIT CHFLAG, SETCHARS) -
ii FOR I := 1 TO 3 DO !
-1 BEGIN _
< WRONGSIGN := WRONGSIGN + 1; b
- IF WRONGSIGN = 5 THEN pé
" WRONGSIGN := {;

: K := (WRONGSIGN MOD &) + 1; ~
) IF I = 3 THEN o
N K := (K MOD 4) + 1;

(#DUMP (HFLAG, P, SETCHARS, APJINT )., %]

W Y N,

f CALCDETERMINANT (HFLAG, SETCHARS, I -
§ PIWRONGSIGNI, P{K1, APQINT, ?:
y DETERMINANTVALUE ),
‘ EMD; ~
2 DUMP CHFLAG, P, SETCHARS, APOQINT); =
’, MORFWORK : = POINTINOTHER ( INDEX, SETCHARS ), -
Y WRITE( ‘BEFORE MORCWORK. MOREWORK == 7, MOREWLRX ), )
-, WRITELN( * INDEX ==> ‘, INDEX:2 ). L
L IF NOT MOREWORK THEN 74
CUTPUTMESSAGE ( INDEX, APDINT)
ELSC ~
T BEGIN -
- WRONGSIGN := PQINTIL; -
= IF WRONGSIGN = S THEN
A WRONGSIGN : = 1; :3
o SETCHARSOLD : = SETCHARS, -
DUMP (HFLAG, P, SETCHARS, APOINT;
5% INIT(HFLAG, SETCHARS ); =
& K := WRONGSIGN; oy
L FOR I := 1 TO 3 DO |
f{ BEGIN .
A IF I = 1 THEN p
WRONGSIGN : = WRONGSIGN - 1, 31
2. IF WRONGSIGN = O THEM
T WRONGSIGN : = 4; RS
- K := (WRONGSIGN MOD 4) + {. S
by IF I = 3 THEN T
7 K := (K MOD 4) + 1,
- (#DUMP (HFLAG, P, SETCHARS, aPOINT ), 4 -
3 CALCDETERMINANT (HFLAG, SETCHARS. I, M
e PLWRONGSIGNI, PLKI, APJINT,
3 DETERMINANTVALUE ) ; ¥
J WRONGSIGN : = WRONGSIGN + 1, o
b IF WRONGSIGN = 5 THEN -
: WRONGSIGN = 1;
{4 END; gﬂ
% S
- DUMP { HFLAG. P, SETCHARS, aAPOINT ),
- MOREWORK = POINTINOTHER ( INCEX, SETCHARS) . 3
i COMPARE (SETCHARS, SETCHARSCLD. INCEX ), -
" QUTPUTMESSAGE ( INDEX, APCINT), -
e ENDi
ot END. it
. TRIRAY, ol
v TRIANG  BEGIN
s WRITELN(‘TRI CASE "), -
. IMIT(HFLAG. SETCHARS Y, é§
FOR [ = { TO 3 DO
g BEGIN
k.. WRONGSIGN : = WRONGSIGN + 1, =
& IF WRONGSIGN = 5 THEN )
L+ c-50
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"'J.‘
)
LI 2

WRONGSIGN = 1,
K .= (WRONGSIGN MOD 4) + 1,

AN IF I = 3 THEN
‘. K := (K MOD 4) + 1;
. (#DUMP (HFLAG, P, SETCHARS, APOINT); #)
; CALCDETERMINANT (HFLAG, SETCHARS, 1.
i PLWRONGSIGNI, FLKI, AFOINT,
4 DETERMINANTVALUE);
L END:
1o DUMP (HFLAG. P, SETCHARS, APOINT);
.o OUTPUTMESSAGE (POINTINTRIANGS (SETCHARS ), APOINT Y
/] END;
! INVAL 1D,
§ BCWTIE,
- LINE - BEGIN
- WRITELN(’INVALID CASE’);
o 36TO &9;
-~ END;
END:
- READLN(RESPONSES, ANSW);
g WRITELNY ‘ANOTHER FOINT?7? Y/N’, ANSW);
” GnNTL 70,
‘ &9 ANSW = ‘N’;
Ky WRITELN('THIS FIGURE "/, TESTFIG. ‘" 1S AN ILLEGAL FIGURE ’5.
- WHRITELN( ‘PLEASE INPUT ANOTHER FIGURE OR TERMINATE “);
70C: UNTII. {{ANSW = ‘N’) OR (ANSW = ‘n’));
R CLOSE(TESTFTS):
1 READI N{RESFONSES. RESP);
b WRITELN(’ANOTHER QUAD?” Y/N’, RESP);
. UNTIL ((RES® = 'N’) OR (RESP = ‘n’));

WRITELN{THAT"S ALL FOLKS!! %)
CLOSE(PTS):
CLOSE{RESFONSES:
CLOSE{MESS);
END.

’ v w
l'lll.
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QUADRILATERAL

c-1

ik

s WO TN W

X-COORDINATE

Y-COORDINATE

0.0000
2.0000
4.0000
6.0000

CHECKING THE INPUT (X, Y) POINTS
LINE IS ILLEGAL FIGURE, NO POINT TESTED

o it e s it e e

4.0000
4.0000
2.0000
6.0000
8.0000
5.0000
2.0000
8.0000
6.0000
-3.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

U
N~

— -
NO MO LN WO O

—

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.00Q0
.0000
.0000
.0000
.0060
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

VMUVMONOPFPFOORORWOOMOOODOONFNNNYNOWWWKL &

0.0000
0.0000
0.0000
0.0000

GENERATED RESULT

:
¢
F

R
<4

ACTUAL RESULT

ouT
ouT
ouT
ouT
ouT

ON THE LINE

ouT
ouT
ouT
QoUT
ouT

CORNER
CORNER
CORNER
CORNER

ouT
ouT
oUT
ouT
ouT
ouT
ouT
OouT
ouT
ouT
ouT
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CHECKING THE INPUT (X, Y) POINTS

U
NP LWwoN0NDWLVOoo o P e

—

—
NOPOORWRAYNPFWOOO PO

—

QUADRILATERAL

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

4

D —

VMUVWONO FOOCUWMWMOOOOO N NYNINO WW

.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000
.0000

s g aa g in g ges g aal AR < ) - b st e

X-COORDINATE

0.0000
10.0000
6.0000
3.0000

Y-COORDINATE

GENERATED RESULT

IN
IN
ouT
IN
IN
ON THE LINE
ouT
ouT
IN
ouT
ouT
CORNER
ON THE LINE
ON THE LINE
ON THE LINE
CORNER
CORNER
CORNER
OouT
ON THE LINE
IN
ouT
IN
ouT
ouT
IN

0.0000
0.0000
8.0000
3.0000

Pl el i i i B

ACTUAL RESULT

IN
IN
oUT
IN
IN
ON THE LINE
ouUT
QUT
IN
ouT
ouT
CORNZR
ON THE LINE
ON THE LINE
ON THE LINE
CORNER
CORNER
CORNER
ouT
ON THE LINE
IN
ouT
IN

OUT
QUT
IN
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QUADRILATERAL

c-3

CHECKING THE INPUT (X, Y) POINTS

INPUT X

4.0000
4.0000
2.0000
6.0000
8.0000
5.0000
2.0000
8.0000
6.0000
-3.0000
-2.0000
0.0000
2.0000
4.0000
6.0000
10.0000
6.0000
3.0000
4.0000
7.0000
6.0000
13.0000
6.0000
12.0000
0.0000
7.0000

*THIS CORNER IS DEGENERATED TO ZERO ANGLE.

l'\l ‘iﬂt q“t KN .t o,. M

L \"'1"‘2'

4.0000
1.0000
3.0000
3.0000
3.0000
0.0000
7.0000
7.0000
2.0000
4.0000
7.0000
0.0000
0.0000
0.0000
0.0000
0.0000
8.0000
3.0000
6.0000
0.0000
4.0000
0.0000
7.0000
0.0000
5.0000
5.0000

~

X-COORDINATE

0.0000
4.0000
7.0000
10.0000

Y-COORDINATE

0.0000
6.0000
0.0000
0.0000

GENERATED RESULT

IN
IN
ON THE LINE
ouT
ouT
ON THE LINE
ouT
ouT
ON THE LINE
ouT
ouT
CORNER
ON THE LINE
ON THE LINE
ON THE LINE
QUT*
ouT
IN
CORNER
CORNER
ouT
ouT
ouT
ouT
ouT
ouT

C-54

2 & 4 s =

,g l. X ‘.'5

ACTUAL RESULT

IN
IN
ON THE LINE
ouT
ouT
ON THE LINE
ouT
ouT
ON THE LINE
ouT
ouT
CORNER
ON THE LINE
ON THE LINE
ON THE LINE
CORNER
ouT
IN
CORNER
CORNER
ouT
ouT
OouT
ouT
ouT
ouT

THIS ANSWER DEPENDS ON DEFINITION.
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C-55

\)

nn;.anu‘

2,'. i QUADRILATERAL X-COORDINATE Y-COORDINATE
d!r‘,:
ﬁ C-4 0.0000 0.0000
e 6.0000 4.0000
.;So' 13.0000 0.0000
" é‘é 6.0000 0.0000
HE
R
" g CHECKING THE INPUT (X, Y) POINTS
{ -' LY
‘;i E. INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
'||! ) J s
i
N - 4.0000 4.0000 ouT ouT
s < 4.0000 1.0000 IN IN
s 2.0000 3.0000 OuT OUT
i 6.0000 3.0000 IN IN
ey 8.0000 3.0000 oUT ouT
o B 5.0000 0.0000 ON THE LINE ON THE LINE
. J 2.0000 7.0000 ouT ouT
Yl 8.0000 7.0000 ouT ouT
el 6.0000 2.0000 IN IN
o -3.0000 4.0000 ouT ouT
S -2.0000 7.0000 ouT ouT
A N 0.0000 0.0000 CORNER CORNER
- 2.0000 0.0000 ON THE LINE ON THE LINE
N 4.0000 0.0000 ON THE LINE ON THE LINE
-3 k- 6.0000 0.0000 CN THE LINE* CORNER
ot T 10.0000 0.0000 ON THE LINE ON THE LINE
e 6.0000 8.0000 ouT ouT
3 & 3.0000 3.0000 ouT ouT
e E 4.0000 6.0000 OUT ouT
e 7.0000 0.0000 ON THE LINE ON THE LINE
N0t g 6.0000 4.0000 CORNER CORNER
\ &3 13.0000 0.0000 CORNER CORNER
) 6.0000 7.0000 ouT ouT
. 12.0000 0.0000 ON THE LINE ON THE LINE
T T 0.0000 5.0000 ouT ouT
My ' 7.0000 5.0000 ouT ouT
%
T
noy i *THIS CORNER IS DEGENERATE AND MAY BE CONSIDERED A LINE. THIS ANSWER
oy DEPENDS ON DEFINITION.
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: QUADRILATERAL X-COORDINATE Y-COORDINATE
T T T
: ¢-5 0.0000 0.0000

" 6.0000 7 .0000

o 12.0000 0.0000

5 6.0000 3.0000

CHECKING THE INPUT (X, Y) POINTS

- s o e B - - ——— s et e e ey e et 2 s e

INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT

#,
4.0000 4.,0000 IN N

K 4.0000 1.0000 ouT OuT

. 2.0000 3.0000 ouUT outT ¢
6.0000 3.0000 CORNER CORNER

3 8.0000 3.0000 IN Iy

; 5.0000 - 0.0000 ouT ouUT
2.0000 7.0000 OUT out

. 3.0000 7 ..0000 ouT 0oUT

{ 6.0000 2.0000 ouUT ou'r

S -3.0000 4.0000 ouT 0OUT

- -2.0V00 7..0000 OUT ou'r

b 0.0000 0.0000 CORNER CORNER

_ 2.0000 U.0000 ouT ouT

v 4.0000 0.0000 ouT OUT

d 6.0000 0.0000 OUT ou'r

: 10.0000 0.0000 ouT ouT

) 6.0000 8.0000 ouT our

A 3.0000 3.0000 IN IN
4,000V 6.0000 ouT ouT
7 .0000 0.0000 ouT OUT

y 6.0000 4.,0000 IN I

. 13.0000 0.0000 ouT ouT

b 6.0000 7.0000 CORNER CORNEK

! 12.0000 0.0000 CORNER CURNER

; 0.0000 5.0000 ouUT ouT

X 7 .0000 5.0000 IN Iy

f c-56
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e B

QUADRILATERAL X-COORDINATE Y-COORDINATE
C-6 0.0000 0.0009
0.0000 5.0000
t; 7.0000 0.0000
s 7.0000 5.0000

g

CHECKING THE INPUT (X, Y) POINTS
BOWTIE IS AN ILLEGAL FIGURE. NO POINTS TESTED

RANS
—
z
o
(o
—
<
—
=,
o
(e
-
~<

GENERATED RESULT ACTUAL RESULT
-
R 4.0000 4.0000 OUT
4.0000 1.0000 ou'r
5 2.0000 3.0000 IN
Ix 6.0000 3.0000 I
- 8.0000 3.0000 oUT
- 5.0000 0.0000 ouT
fj 2.0000 7.0000 oUT
o 8.0000 7.0000 ouT
6 .0000 2.0000 IN
0 -3.0000 4.0000 oUT
il -2.0000 7.0000 . OUT
0.0000 0.0000 CORNER
c 2..0000 0.0000 oUT
i 4.0000 0.0000 ouT
o 6.0000 0.0000 ouT
10.0000 0.0000 ouT
6 .0000 8.0000 ouT
e 3.0000 3.0000 ouT
4 ,0000 6.0000 OUT
o 7.0000 0.0000 CORNER
R b .0000 4.0000 IN
13.0000 0.0000 OUT
6 .0000 7..0000 OUT
33 12.0000 0.0000 ouUT
- U.0V00 5.0000 ’ COKNER
. 7.0000 5.0000 CORNE R
-
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Y

;.3 QUADRILATERAL X-COORDINATE Y-COORDINATE
;i
N c-7 0.0000 0.0000
10.0000 0.0000
Y 6.0000 8.0000
o 2.0000 4.0000
o CHECKING THE INPUT (X, Y) POINTS
0 e -
12 INPUT X INPUT Y GENERATED RESULT ACTUAL RESULT
'::: som—————— mmme—eees
b 4.0000 4.0000 IN IN
4.0000 1.0000 IN IN
o 2.0000 3.0000 IN IN
{1 6.0000 3.0000 IN IN
) 8.0000 3.0000 IN IN
el 5.0000 0.0000 ON THE LINE ON THE LINE
BN 2.0000 7.0000 ouT ouT
be 8.0000 7.0000 ouT OuT
o5 6.0000 2.0000 IN IN
% -3.0000 4.0000 ouT OUT
e -2.0000 7.0000 ouT ouT
- 0.0000 0.0000 CORNER CORNER
2.0000 0.0000 ON THE LINE ON THE LINE
" 4.0000 0.0000 ON THE LINE ON THE LINE
-3 6.0000 0.0000 ON THE LINE ON THE LINE
- 10.0000 0.0000 CORNER CORNER
o 6.0000 8.0000 CORNER CORNER
k- 3.0000 3.0000 IN IN
) 4.0000 6.0000 ON THE LINE ON THE LINE
xe! 7.0000 0.0000 ON THE LINE ON THE LINE
) 6.0000 4.0000 IN IN
;Zq 13.0000 0.0000 ouT OoUT
0 6.0000 7.0000 IN IN
iy 12.0000 0.0000 ouUT ouT
: 0.0000 5.0000 ouT ouT
= 7.0000 5.0000 IN IN
o
)
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VNN APPENDIX D

{ \.:.

] -

: SOME MATHEMATICAL PROOFS

| [: Proposjtion: The point P lies within the triangle ABC if, and only if, the

b [

4 b extension of the line segments AP, BP, and CP intersect BC, CA, and AB,
P respectively.

R

v

.- -:;'
o Proof: First note that for any two points X and ¥, XY\X, and XY\Y are

connected sets (Moore, Theorem 98). Suppose P lies within ABC, then so do

: S AP, BP, and CP (by Theorem 33, Moore applied to AP\A, etc). Since AP

¢

-

; ;5 divides the angle CAB, its extension intersects BC, and similarly for BP
-

! and CP.

AT
A Al

Suppose one of the line extensions does not intersect the appropriate

=

side. Without loss of generality, suppose the line passing through

A and P does not intersect BC. Since it does not pass through C, PAC are

- S S
§ ==
Py

not colinear, and similarly PAB are not colinear. Thus it intersects ABC

m

at the endpoint A only. Thus the connected set AP\A does not intersect

ABC, and hence falls entirely outside ABC (again by Moore, Theoream 33).

P R
X

o
e B

Therefore P is not enclosed by ABC.

AW W s '

3
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D=1
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T T T b ao an o aa Al 6P a) o)

Rotation of coordinates:

See Figure D-1 (a)

X' = (x+y tan 6)cos8
N3 = x cos6 + y siné
"\’ Y' = y/cos6 - (x+y tan 6)sin®
13
ity = -x 3in® + y(1/cos6 =~ sirP&cos6)
:‘ 2 «Xx sin@® + y cos@
X
.
'k' X' = (-x cos6 + y sin6)
bl y' = (-x sinf® + y cos 9)
S
o
el
o
L) iy
e
-y

R
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e
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b4 ANOTHER PROOF

‘ Given; three ordered points Py(xq,y1), Pa(xp,yp) and P3(x3,y3).

X1 Y119
ﬁ det X2 Y2 1 g h.
) i
X3 ¥3 1
Y
&
Prove:
«
A
(o h=01f Py is on the extended line Py P,

h >0 if P3 is on the left side of the directed line segment.

\
E;: h <0 if Py is on the right of the directed line segment.
b
| Eroof:

AR

Translate origin to P, (see Figure D-1 (b))

Xy

(xy -xq) where (X4,Yq) = (0,0).
Y

"

i (y1 -y1).

Rotate the axis so that the Y, lies on the axis. (see Figure D-1 (c))

o

sin6 = -Y,/sqrt (X22+Y22)

g:. coso = Xa/sqrt(X22+222).
. Y3 = -X3 sin6 «+ Y3 cos®

Turn in transition along Py,P,,P3, is left if Y'3 is >0, along a line,

mx

w g

'y WAL | |

P o
el




there is no turn if Y'; = 0, and turn is right if Y'3<0. If this function
7 is called sign then:

ST Y'3 = -X3 3in@ + Y3 cosé

p = =X3Xp/3qrt(X,2+¥,2) + Y3Xo/sqrt(X,2+¥,2)

i) = [-X3Y2 + X2Y3]/sqrt(X22+Y22)
2)

A [~(x3-x1)(y2-y1) + (Xp-x1)(¥3-¥1)1/2qrt(X%+¥,

[ X391+ X1¥2+Xp¥3+X1¥1-X3¥2-X1¥1~X2¥1-X1¥3)/sqrt(Xp2+152).-

f
A
"

2 N1
-
o sign (det | x5 y, 1|) = sign h g.e.d.

- X3 Y3 1

u since the square root is always positive.
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- (a) ROTATION OF COORDINATES IN GENERAL
N - P

g5 4 3

! p

L S
_ L:_ 2

A L 3

¢

2 : :
1 0 X

" Eir Y
4

f_rb~.r-0. =
s 3

e
3 X
R
R &

(c) RELATION BETWEEN X, Y AND X', Y' COORDINATES

Wy ZFe

Figure D=1. Proof of Handedness Theorem
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